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[57] ABSTRACT 

The present invention provides polynucleotides (kin) which 
identify and encode novel protein kinases (KIN) expressed 
in various bumao ceUs and tissues. The present invention 
also provides for antisense sequenctM and oligonucleotides 
designed from the nucleotide sequences or their comple- 
ments, 'llie invention further provides genetically engi- 
neered expression vectors and host cells for the production 
of purified KIN peptides, antibodies capable of binding KIN, 
and inhibitors specifically bind KIN. The invention specifi- 
cally provides for diagnostic kits and assays which identify 
a disorder or disease wilh altered kinase expression and 
allow monitoring of patients during drug therapy. These 
assays utilize oligonucleotides or antibodies produced using 
the kin polynucleotides. 

4 Claims, No Drawings 
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HUMAN KINASE HOMOLOGS 
FIELD OF THE INVENTION 

The prcscQt iovcQltoa is io the field of molecular biology; 
more particularly, the present iDveniion describes nucleic 
acid sequences for novel bumoD kinase homologs. 

BACKGROUND OF THE INVENTION 

Kinases regulate many different cell proliferation, 
di&fereatiation, and signalling processes by adding phos- 
phate groups to proteins. Uncontrolled signalUag has been 
implicated in inJflammation, onoogenesis, arteriosclerosis, 
and psoriasis. Reversible protein phosphorylation is the 
main strategy for controlling activities of cukaryolic cells. It 
is estimated that more than 1CX)0 of the 10,000 proteins 
active in a typical mammalian cell are pho^horylaled. The 
high energy phosphate which drives activation is generally 
transferred from adenosine triphosphate molecules (ATP) to 
a particular protein by protein kinases and removed from 
that protein by protein phosphatases. 

Phosphorylation occurs in response to extracellular sig- 
nals (hormones, neurotransmitters, growth and differentia- 
tion factors, etc), cell cycle checkpoints, and environmental 
or nutritional stresses and is roughly analogous to the 
turning on a molecular switch. When the switch goes on, the 
appropriate protein kinase activates a metabobc enzyme^ 
regulatory protein, receptor, cytoskeleial protein, ion chan- 
nel or purap, or transcription factor. 

'ilie kinases comprise the largest known protein family, a 
superfamily of enzymes with widely varied functions and 
specificities. They are usually named after their substrate, 
their regulatory molecules, after some aspect of a mutant 
pbcnotype or arbitrarily. Almost alt kinases contain a similar 
250-300 amino acid catalytic domain. The N-tcrminal 
domain, which contains sutxlomains MV, generally folds 
into a two-k)bed stmcture and binds and orients tbe AiP (or 
GTP) donor nnoleculc. The larger C terminal lobe, which 
contains subdo mains VIA-Xl, binds tbe protein substrate 
and carries out the transfer of tbe gamma phosphate from 
ATP to the hydroxy I group of a serine, thrcoaiue, or tyrosine 
residue. Subdomain V spans the two lobes. 

The kinases may be categorized into families by the 
different amino acid sequences (generally between 5 and 
100 residues) located on cither side of, or inserted into loops 
of, the kinase domain. These added amino acid sequences 
allow the regulation of each kinase as it recognizes and 
interacts with its target protein. The primary structure of the 
kinase domains is conserved and can be further subdivided 
into 12 subdomains. The following residues are relatively 
(-95%) invariant: C50 and G52 in subdomain I, in 
subdomain II, Gg, in subdomain III, Ej^g in subdomain Vin, 
D220 i^iid G22S in subdomain IX, and tbe moti£s or patterns 
of a mini) acids in subdomains VI B, VIII and IX (Hardie G. 
and Hanks S. (1995) The Protein Kinase Facts Books, 1 and 
II, Academic Press, San Diego, Calif,). 

The cyclin dependent protein kinase (cdk) family includes 
proteins which are tiuned on and off as the cell proceeds 
through the cell cycle. A cdk is active as a kinase only when 
it is bound to a cychn. Cdk activatnn simultaneously 
requires both tbe addition of a high energy phosphate to a 
threonine residue by a kinase and the removal of a 
covalently-bound phosphate from a specific tyrosine residue 
by a phosphatase. Tbe concentration of some cyclins rises 
gradually through a particular part of the cell cycle imtil their 
targeted proteolysis ends the coordinated interaction among 
the cyclin, kinase, and phosphatase molecules. 
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Tbe second -messcQgcr dcpcodcnt protein kinases prima- 
rily mediate the effects of second messengers such as cyclic 
AMP (cAMP) cyclic GMP. inositol triphosphate, 
pbosphatidylioositol, 3,4,5 -triphosphate, cyclic ADPribosc, 

5 arachidonic add and diacylglyccrol. For purposes of 
example, tbe structure and function of cyclic AMP- 
dependent protein kinase (A-kioase) will be described. 
Mammalian celk generally contain at least two forms of 
A-kinase; type 1 which is cytosolic, and type 2 which is 
bound to plasma otcmbranc, nuclear membrane or microtu- 
bules. In its inactive stale, A-kinase consists of a complex of 
two catalytic subunit^i and two regulatory subunits. When 
each regulatory subunit has bound two molecules of cAMP, 
the catalytic subunit is activated and can transfer a high 

J J energy phosphate from ATP to the serine or threonine of a 
subsu-ate protein. Substrate proteins arc usually marked by 
the presence of two or more basic amino acids cm Ihcir 
amino terminal sides. A-kinase is important in metabolism 
of glycogen, for inactivation of phosphatase inhibitor 
protein, in transcription of genes which ooatain a regulatory 
region called the cAMP response element (CRE), and in 
regulation of the ion channels of olfactory neurons. 

Protein kinase C (PKC) is a water-soluble, Ca**- 
dependent kinase, commonly found in brain tissue, which 

25 moves to the plasma membrane in the presence of Ca^ ions. 
Approximately half of the known isoforms of PKC are 
activated initially by diacylglyoerol and phosphatidylserine. 
Prolonged activation of PKC depends on continued produc- 
tion of diacyglycerol molecules which are formed when 
pbospholipascs cleave phospbatidylcholiiie. In nerve cells, 
PKC phosphorylates ion channels and alters the excitability 
of tbe cell membrane. In other cells, activation of PKC 
increases gene transcription either by triggering a protein 
kinase cascade which aclivate.'i a regulatory element (much 

35 like CRE above) or by pbospborylating and deactivating an 
inhibitor of the regulatory protein. 

Ca^Vcalmodulin-dependcnt protein kinases (CaM- 
kinases) mediate ooost of the actions of Ca^ in human celk. 
The CaM-kinases include enzymes with nanow substrate 

40 specifidty such as myosin light chain kinase which activates 
smooth muscle contraction and phospborylase kinase which 
activates glycogen breakdown and the multifunctional 
enzyme, CaM-ldnasc 11 which is found in all cells. Phos- 
pborylase kinase has four subunits: 7 is the catalytic moiety 

45 and a, p and D6 arc regulatory. Since subunits a and p are 
phosphorylatcd by A-kinase and subunit Dfi is Ca"^/ 
calmodulin, glycogen breakdown can be activated by either 
cAMP or Ca^. 
CaM-kinase II is particularly enriched in catccholamioc 

50 synapses. In those neurons, Ca"^ influx stimubtes both the 
release of dopamine, noradrenahnc or adrenaline and also 
their resynthesis through tbe activation of CaM-kina.se 11. 
Although the main role of CaM-kinase II is phosphorylation 
of tyrosine hydroxylase, the rate-limiting enzyme of cat- 

55 echolamine synthesis, CaM-kinase U also autophosphory- 
lales and remains active until phosphotases overwhelm it. 

Transmembrane protein-tyrosine kinases arc receptors for 
most growth factors. Tbe first characterized receptor for 
epidermal growth factor (EOF) is a single pass transmem- 

60 brane protein of about 1200 amino acids with an extracel- 
lular glycosylated ponton that interacts with the S3 amirx) 
acid EOF molecule. Binding activates the transfer of a 
phosphate group from ATP to selected tyrosine side chains 
of tbe receptor and other specific proteins. Other protein 

65 receptors with similar structure include the following growth 
and differentiation factors (GF) — platelet derived GF, fibro- 
blast GF, bcpatocytc GF, insulin and insulin-like GFs, nerve 
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GF, vascular endotbelial Qf, macrophage colony stimulating 
factor, etc. Each proiciD phospborylatcs itself by receptor 
dimerizaiioa to initiate the intracellular signalling cascade. 

Many prole in-lyrosine kinases lack transmembrane 
regions and form a complex with the intercellular regions of ^ 
other cell surface receptors. The best known NR-PTKs are 
the Src kioase family (Src, Yes, Fgr, Fyn, Lck, Lyn» Hdc, 
Blk, etc) and the Janus kinase family (Jakl, Jak2, Jak3, 
Tyk2, etc). The Src PTKs are located on the cytoplasmic side 
of the plasma membrane and are characterized by Src 
homology regions 2 and 3 (SH2 and SH3). Src' PTKs 
recognize short peptide noolifs bearing phosphotyrosine or 
proline residues, respectively, and mediate protein-protein 
interactions that regulate a whole range of intracellular 
signaUing molecules. Janus PTKs contain PTK or PTK-likc ^5 
domains and interact with growth hormone, prolactin, and 
some of the same cytokine receptors as Src FTKs. The 
cytokine receptors are unique both in their ability to recruit 
multiple PTKs and in the diversity of their intracellular 
domains which allow flexibility in their responses within 20 
different cell types (Taniguchi T. (1995) Science 
268:251-55). Src and Jak kinases were first identified as the 
products of mutant oncogeocs in cancer cells where their 
activation was no k)nger subject to normal cellular controls. 

Extracellular signalling proteins such as iraosformiog ^ 
growth factor-p (FGF-p), activins, bone morphogcnelic 
protein, and related members of the TGF-p superfamily 
interact with receptor serine/threonine kinases. Like EGF 
above, these receptor kinases have a single pass transmem- 
brane domain with a serineAhreooine kinase residue on the ^ 
cytosolic side of the plasma membrane. The signalling 
pathways which arc activated by binding the extracellular 
signalling molecules are presently under investigation. 

Miiogcn-activatcd protein (MAP) kinases also regulate 
intracellular signalling pathways. They mediate signal trans- 
duction from cell surface to nuclei via phosphorylation 
cascades. Several subgroups have been identified, and each 
manifests different substrate specificities and responds to 
distinct extracellular stimuli (Egan S. E. and Weinberg R. A. 
(1993) Nature 365:781-783). ^ 

MAP kinase signalling pathways are present in mamma- 
lian cclb as well as in yeast. The extracellular stimuli which 
activate mammalian pathways include epidermal growth 
factor (EOF), uUravii)lcl light, hypemsaiolar medium, beat 45 
shock, endoioxic lipopoly saccharide (LPS), and pro- 
inflammatory cytokines such as tumor necrosis factor (TW) 
and intcrleukin-1 (lL-1). In Saccharomyces i:erevisiae, 
exposure to mating pheromone or hyperosmolar environ- 
ments activate the various MAP kinase signaUing pathways, 

Mammalian cells have at least three subgroups of MAP 
kinases (Dcrijard B. el aJ (1995) Science 267:682-5), each 
distinguished by a tripeplidc motif. They are extracellular 
signal-regulated protein kinases (ERK) characterized by 
Tbr-Glu-Tyr; c-Jun amino- terminal kinases (INK) charac- 55 
lerized by Thr-Pro-Tyr; and p38 kinase characterized by 
Tbr-Gly-Tyr. Each subgroup is activated by dual phospho- 
rylation of threonine and tyrosine residues by MAP kioase 
kinases located upstream of the phosphorylation cascade. 
Activated MAP kinases, in turn, phosphorylate downstream 
eff^cciors ultimately leading to intracellular changes. 

Ihe ERK signal transduction pathway is activated via 
tyrosine kinase receptors on the plasmalemma. When 
growth factors bind to tyrosine, they bind to noncata lytic, 
Src homology (SH) adaptor proteins (SH2-SH3-SH2) and a cs 
guanine nucleotide releasing protein (GNRP). GMRP 
reduces GIP and activates Has proteins, members of the 
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large family of guanine nucleotide binding proteins 
(C-protcins). Activated Ras proteins bind to a protein kinase 
C-Raf-1 and activate the Raf-1 proteins. The activated Raf-1 
kinase subsequently phospborylatcs MAP kinase kinase 
(MKK) which, in turn, activate ERKs. 

ERKs are proline -directed protein kinases which pbos- 
pborylaic Ser/Thr-Pro motifs. In fact, cytoplasmic pbospho- 
lipasc A2 (cPLA2) and transcription factor Elk-1 are sub- 
strates of ERKs. The ERKs phosphorylate Sct^os of cP1j\2 
thereby increasing its enzymatic activity and resulting in 
relea.sc of arac±idomc acid and the formation of lysophos- 
pbolipids from membrane pbo^holipids. Likewise, pbos- 
pborylatnn of the transcription factor Elk-1 by ERK ulti- 
mately increases transc^^)tional activity. 

JNK is distantly related to (be ERK sod is similarly 
aaivated by dual phosphorylation of Thr and lyr and by 
MKK4 (Davis R (1994) TIBS 19:470-473). Tbc JNK signal 
transduction pathway is also initiated by ultraviolet light, 
osmotic stress, and the pro-inflammatory cytokines, TNF 
and IL-1. Phosphorylation of Scr^j and Ser.^ in the NH^- 
terminal domain of the transcription factor c-Jun increases 
transcriptional activity. 

p38 is a 41 kD protein containing 360-amino acids. Its 
dual phosphorylation is activated by the MKK3 and MKK4, 
beat shock, hyperosmolar medium. LL-I or LPS endotoxin 
(Han J. ct al (1994) Science 265:808-811). Sepsis produced 
by LPS is characterized by fever, chills, tachypnea, and 
tachycardia, and severe cases may result in septic shock 
which includes hypotension and multiple organ failure. 

Cells respond to LPS as a stress signal because it alters 
normal cellubr processes and induces the release of sys- 
temic mediators such as TNF. CD14 is a 
glycosylphosphatidyl-inositol-anchored membrane glyco- 
protein which serves as a LPS receptor on the plasmalemma 
of monocytic cells. The binding of LPS to CD14 causes 
rapid protein tyrosine phosphorylation of the 44- and 42-/ 
40-kD isoforms of MAP kinases. Although they bind LPS, 
these MAP kinase isoforms do not appear to belong to the 
p38 subgroup. 

An detailed understanding of kinase pathways and signal 
transdiiction is beginning to reveal some mechanisms for 
interceding in tbe progression of inUammatory illnesses and 
of uncontrolled cell proliferation. The cDNAs. 
oligonucleotides, peptides and antibodies for tbe human 
kinases, which are the subject of this invention and are listed 
in Table 1 , provide a plurality of tools for studying signaUing 
cascades in various cells and tissues and for diagnosing and 
selecting inhibitors or drugs with tbe potential to intcnxnc 
in various disorders or diseases in which altered kinase 
expression is implicated. Tbc disorders or diseases indude, 
but not limited to, human X-lioked agammagk)bulinemia. 
nonspherocytic hemolytic anemia, atherosclerosis, carcino- 
mas (breast, ovary, renal, squamous cell and prtjstalc), 
diabetes, ghomas, glomerular disease, hepatomegaly, Kar- 
posi's sarcoma, lymphoblastic and myelogenous Icukcmias. 
myoglobinuria, peptic ulcer disease, psoria.sis, pulmonary 
fibrosis, restenosis, and septic shock due to cholera, 
Closifidium difficile, E. coli and Shigella (Isselbachcr K. J. 
et al (1994) Harrison's Principles of Internal Medicine, 
McGraw-Hill, New York City; Levitzki A. and A. Gazil 
(1995) Science 267:1782-88). 

SUMMARY OF THE INVENTION 

Tbe subject invention provides unique polynucleotides 
(SEQ ID NOs 1-44) which have been identified as novel 
human kinases (kin). These partial cDNAs were identified 
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among the polynucleotides wbicb comprise various Incyte having fewer nucleotides than about 6 kb, preferably fcv^cr 

cDNA libraries. than about 1 kb wbicb can be used as a probe. Such probes 

The invcDtioD comprises polynucleolidcs which are may be labelled with reporter molecules using nick 

complementary in the kin sequences (SEQ 10 Nos 1^). translation, Klcnow fill-in reaction, PGR or other methods 

Ihc invcntbn also comprises the use of kin sequences to ' well known in Ujc art After pretesting to opumizc reaction 

identify and obtain a fuU length human Idnase cDNAs such condaions and to eUmmale false p^tives, nucleic acid 

as SEO ID NO 45 probes may be used m Southern, oortbcm or m siiu hybnd- 

„ . . " . . L , izations to determine whether DNA or RNA encoding ihc 

-nic invention further comprises the use of oligomers ^ j ^ ^ biological sample, cell type, tissue, 

from these km sequences m a kmases kit which can be used ^ organism. 

to identify a disorder or disease with altered kinase expres- ^Recombinant oudeotidc variants" are polynucleoUdes 

sion and provide a method for momtormg progress of a ^^ich encode a protein. They may be synthesized by making 

paiicni dunng drug therapy. ^ "redundancy" in the genetic code. Various codon 

Aspects of the invention include use of kin sequences or substitutions, such as the silent changes which produce 

recombinant nucleic acids derived from them to produce ^5 spedfic restriction sites or cudun usage -specific mutations, 

purified peptides. Still further aspects uf the invention use may be introduced to optimize cloning into a plasmid or 

these purified peptides to identify antibodies or other mol- viral vector or expression in a particular prokaryotic or 

eculcs with inhibitory activity toward a particular kinase, eukaryotic host system, respectively, 

group of kinases or disease. "Linkers" are synthesized palindromic nucleotide 

In addi lion, tbe invention 00m prises the use of kin specific 20 sequences which create internal restriction cndonudeasc 

antibodies in assays to identify a disorder or disease with sites for ease of cloning tbe genetic material of choice into 

altered kinase expression and provides a method to monitor various vectors. "f^:Ily linkers" arc engineered to include 

the progress of a patient during drug therapy. multiple restriction enzyme sites and provide for tbe use of 

both those enzymes which leave 5' aod 3' overhangs such as 

DCSCRIPTION OF TIIE FIGURE 25 BamHI, EcoRI, Psil, Kpnl and Hind 111 or which provide a 

nCS. lA and IB display the full length niideoiide blunt end such as EcoRV, SnaBl and Stul. 

sequence for human MAP kinase from stomach tissue (SEQ "Control clcioenU" or "regulatory sequences" are tho.sc 

ID NO 45; Incyte Clone 214915E) and its predicted amino non translated regions of the gene or DNA such as enhancers, 

acid sequence. promoters, introns and 3' untranslated regions which interact 

30 with cellular proteins to carry nut replication, transcription, 

DETAILED DESCRimON OF THE and translation. They may occur as boundary sequences or 

INVENTION even split the gene. They function at the molecular level and 

Definitions along with regulatory genes are very important in 

As used herein, the abbreviation for kinase in kiwcr case development, growth, differentiation and aging processes, 

(kic) refers to a gene, cDNA, RNA or nucleic acid sequence 35 "Chimeric" molecules are polymicleotidcs or polypcp- 

whilc tbe upper case version (KIN) refers to a protein, tides which arc created by combining one or more of 

polypeptide, peptide, oligopeptide, or amino add sequence. nucleotide sequences of this invention (or their parts) with 

An "oligonucleotide" or "oligomer^ is a stretch of nucle- additional nucleic acid sequeace(s). Such combined 

otide residues which has a suOQcicnt number of bases to be sequences may be introduced into an appropriate vector and 

used in a polymerase chain reaction (PCR). These short 40 expressed to give rise to a chimeric polypeptide which may 

sequences are based on (or designed from) genomic or be expected to be different from tbe native molecule in one 

cDNA sequences and are used 10 amplify, confirm, or reveal or more of the following kinase characleristics: cellular 

the presence of an identical, similar or complementary DNA location, distribution, ligaod -binding afi&nities, interchain 

or RNA in a particular cell or tissue. Oligonucleotides or aCdniiics, dcgradalJon/turaover rate, signalling, etc. 

oligomers comprise portions of a DNA sequeiKc having at 45 "Active" is that slate which is capable of being useful or 

least about 10 nucleotides and as many as about 50 of carrying out some role. Il specifically refers to those 

Quclcoiides, preferably about 15 to 30 nucleotides. They are forms, fragments, or domains of an amino add sequence 

chemically synthesized and may be used as probes. which display the biologic and/or immunogenic activity 

"Probes" are nucleic acid sequences of variable length, charactcrislic of tlic naturally occurring kinase, 
preferably between at least about 10 and as many as about 50 "Naturally occurring KIN" refers to a polypeptide pro- 
6,000 nucleotides, depending on use. They arc used in the duced by cells which have not been genetically engineered 
detection of identical, similar, or complementary nucleic or which have been genetically engineered 10 produce the 
acid sequences. Longer length probes arc usually obtained same sequence as that naturally produced. Specifically oon- 
from a natural or recombinant source, are highly specific and templated are various polypeptides which arise from post- 
much slower to hybridize than oligomers. Ihcy may be 55 transnational modifications. Such modifications of the 
single- or double -stranded and carefully designed to have polypeptide include but are not limiicd to acetyl at ion, 
specificity in PCR, hybridization membrane -based, or carboxylation, glycosylation, pbosphor>'laiion, lipidation 
ELISA-like technologies. and acylalion. 

"Reporter" molecules are chemical moieties used for " Derivative "refers to those polype pi ides which have been 

labelLng a nucleic or amino add sequence. They include, 60 chemically modified by such techniques as ubiquitination, 

but are uot limited to, radionuclides, enzymes, fluorescent, labelling (see above), pegylation (derivatization with poly- 

chemi-luminescenl, or chromogenic agents. Reporter mol- ethylene glycol), and chemical insertion or substitution of 

cculcs associate with, establish tbe presence of, and may amino acids such as ornithine which do not normally occur 

allow quantification of a particular nucleic or amino acid in human proteins. 

sequence. C5 "Recombinant polypeptide variant" refers to any polypep- 

A "portion" or •'fragment*' of a polynucleotide or nucleic tide which differs from naturally occurring KIN by amino 

add comprises all or any part of the nucleotide sequence add insertions, deletions and/or substitutions, created using 
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recombinant DNA lechniques. Guidance in determining fidelity enzyme'* may include mixtures of such eD2ymes and 

which amino acid residues may be replaced, added or . any other enzymes fitting the stated criteria, or reference to 

deleted without abolishing characteristics of interest may be the method includes reference to one or more methods for 

found by comparing Ihc sequence of KIN with that of related obtaining cDNA sequences which will be known to those 

polyjjcptides and minimizing the number of amino acid 5 skilled In the art or will become known to them upon reading 

sequence changes made in highly conserved regbns. this specification. 

Amino acid "substitutions" are defined as one for one Before the present sequences, variants, formulations and 

amino acid replacements. They are conservative in nature methods for making and using the invention are described, 

when the substituted amino acid has similar stnictuial and/or it is to be understood that the invention is not to be Lmiied 

chemical properties. Examples of conservative replacements lO only to the particular sequences, variants, formulations or 

arc substitution of a tcucioc with an Lsoleucine or valine, an methods described. The sequences, variants, formulatioDS 

aspartate with a glutamatc, or a threonine with a serine. and methodologies may vary, and the terminology used 

Ammo acid "insertions" or "deletions'* are changes to or herein is for the purpose of describing particular embodi- 

within an amino add sequence, 'ihey typically fall in the ments. The terminology and definitions are not intended to 

range of about 1 tu 5 amimt acids. Tlie variation allowed in is be limiting since the suipe of protccLiun will ultimately 

a particular amioo acid sequence may be experimentally depend upon the claims, 
determined by producing the peptide synthetically or hy 

systematically making insertions, deletions, or substitutions DESCRIPTION OF THE INVENTION 

of nucleotides in the kin sequence using recombinant DNA .. . -j ^ e j i . ■ 

lechnioucs & The present mveniion provides for punfied pariial protem 

^ A u -^ i I , n • u . • J kinase cDNAs which were expressed in various human 

A signal or leader sequence is a short ammo aad j • i . j «_ -i-L j 

sequence which or c»n bTLd, when desired, to direct the !f Tk'?;^.^ f ^i'T Kr^' '^'^ 

polypeptide through . axmbrai of a cell. Su^h a sequence f '<> P^blsbed or toowo open reading 

IL It . .t- 1 .J f.u . fram es or un translated control regions. Smce prole in kinases 

may be namrally preseo. on (he polypeptides of the present ^^^^^ ^^^^ 

luventioti ur provided from heterologous sources by recom- 25 i r i n- .• i n • n- .u ^ 

1- .rxKTA. u pnjhferation.dinereniiatmn and cell signalling, these nucle- 

bmant DNA techniques. ' ^ i • u • • r j 

.iM- ur -1 -I ot^dc sequences are useful in the characterization of and 

An olmupciitidc is a short stretch i>f amino acid residues j i- r • j i ir- 

J Z J f ..... u dehneatiOD of normal and abnormal processes. Kinase 

and may be expressed from an oligonucleotide. It may be i . j r i ■ j- j . 

^ , u ■ 1 J -.1 .1 I nucleotide sequences are useful in diagnostic assays used to 

ru action ally equivalent to and cither tlie same length as or i . .u i r c i * - i j- j 

™<.;^*,„Ki.,^u^^„ ♦K.- » u ^ » ,„ evaluate the role of a speafic kjna.se I n normal, disca.sed, or 

consider bly shorter .than a fragment . "port'on . or » ^^^,^jl^Us 

^segment of a polypeptide. Such sequences comprise a „ ' 

stretch of amino acid residues of at least about 5 amino acids ^ ^'"^^^ nucleotide sequences have numerous 

and often about 17 or more amino acids, typically at least applications in techniques known lo those skiUed in the art 

about 9 tol3 amino acids, and of sufficient length to display molecular biology. These techniques include their use as 

biologic and/or immunogenic activity. 35 hybridization probes, for chromosome and geoe mapping, in 

An "inhibitor" is a substance which retards or prevents a Icchoologies, in the production of sense or antiseosc 

chemical or physiological rcacuoo or response. Common ""'^'^'^ ^" serening for new therapeutic molecules, 

inhibitors include but are not Umited to antisense molecules, examples are well known and are not intended lo 

antibodies, antagonists and their dcrivaUvcs. ^'^ limiting Furthermore, the nucleoUde sequences disclosed 

A "standard" is a quantitaUve or qualiutive measurement 40 ^ ^^cd in molecular biology techniques thai 

for comparison. Preferably, it is based on a statistically developed, provided the new techniques 

appropriate number of samples and is created to use as a °° properties of nucleoLde sequences that are currently 

basis of comparison when performing diagnostic assays. including but not limited to such properties as the 

running clinical trials, or foltowing patient treatment pro- ^'P^^* specific base pair interacUons. 

files. The samples of a particular standard may be normal or 45 As a result of the degeocracy of the genetic code, a 

similariy abnormal. multitude of kinase-encoding nucleotide sequences may be 

"Animal" as used herein may be defined to include produced and some of these will bear only minimal bomol- 

human, domestic (cats, dogs, etc), agricultural (cows, ogy to the endogenous .sequence of any known and naturally 

horses, sheep, goals, chicken, fish, etc) or test species (frogs, occurring kinase. I "his inveolion has specifically contem- 

mice, rats, rabbits, simians, etc). so plated each and every possible variation of nucleotide 

"Disorders or diseases" in which altered kinase activity sequence that could be made by selecting combinations 

have been implicated specifically include, but are not limited based on possible uidim choices. These combinations arc 

to, human X-linked agammaglobulinemia, oonspheiocytic made in accordance with the standard triplet genetic code as 

hemolytic anemia, atherosclerosis, carcinomas (breast, applied to the nucleotide sequence of naturally occurring 

ovary, renal, squamous cell and prostate), diabetes, gliomas, 55 kinases, and all such variations are to be considered as being 

glomerular disease, hepatomegaly, Karposi's sarcoma, lym- specifically disclosed. 

phoblaslic and myelogenous leukcmias, myoglobinuria. Although the kinase nucleotide sequences and their 

peptic ulcer disease, psoriasis, pulmonary fibrosis, derivatives or variants are preferably capable of identifying 

restenosis, and septic shock due to cholera. Chstruiium the nucleotide sequence of the naturally occurring kinase 

di^ile, E. coU and Shigella. 60 under optimized conditions, it may be advantageous to 

Since the list of technical and scientific terms cannot be all produce kinase -CfKoding nucleotide sequences possessing a 

encompassing, any undefined lenns shall be construed to substantially different codon usage. Codons can be selected 

have the same meaning as is comrreinly understood by one to increase the rate at which expression of the peptide occurs 

of skill in the art to which this invention belongs. in a particular prokaryoiic or eukaryotic expression host in 

Furthermore, the singular fonns "a", "an" and "the" include 65 accordance with Ibe frequency with which particular codons 

plural referents unless the context clearly dictates otherwise. are utilized by the host. Other reasons for subslantially 

For example, reference to a "restriction enzyme" or a "high altering the nucleotide sequence encoding the kinase without 
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allcriog the encoded amino acid sequence include the pro- Although ibc restriction and ligation reactions are carried 

ductioQ of RNA transcripts having more desirable out simuliaoecusly, the requirements for extension, imax)- 

propcrtics, such as a longer halMifc. tbau iranscripls pro- bilizaiion and two rounds of PCR and purification prior to 

duccd from the naturally occurring wquence. sequencing render the method cumbersome and time con- 

Nucleotide sequences encoding a kinase may be joined to 5 suming. 
a variety of other nucleotide sequences by means of well Parker J. D. ct al (1991; Nucleic Adds Res 19:3055-60), 
established recombinant DNA techniques (Sambrook J. ei al teach walking PCR, a method for targeted gene walking 
(1989) Molecular Qoning: A Laboratory Manual, Cold which permits retrieval of unknown sequence. Promoter- 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.; or Finder™ is a new kit available torn Gontcch (Palo Alio, 
Ausubel F. M. et al (1989) Current Protocols in Molecular Calif.) which uses PCR and primers derived &om p53 to 
Biology, John Wiley & Sons, New York City). Useful walk in geiwmic DNA. Nested primers and ^cial Promoi- 
sequences for joining to the kinase iochide an assortment of erfinder libraries are used to detect upstream sequences 
clooing vectors such as plasraids, cnsmids, lambda phage such as promoters and regulatory elements. This process 
derivatives, phagemids, and the like. Vectors of interest avoids the need to screen libraries aixl is useful in finding 
include vectors for replication, expression, probe generation, inlroo/exon junctions. 

scquencing,andthehke. In general, vectors of interest may Auollicr new PCR mclhod. "Improved Method for 

contain an origin of replication functional in at least one Obtaining Full Length cDNA Sequences" by Guegler et al, 

organism, convenient restriction cndonuclease sensitive patent appUcaiion Ser No 08/487.U2. filed Jun. 7, 1995 and 

sites, and selectable markers for one or more host cell hereby incorporated by reference, employs XL-PCR 
systems. 20 (Pcrkin -Elmer, Foster City, Calif.) to amplify and extend 

PCR as described in US. Pai. Nos. 4,683,195; 4^00,195; partial nucleotide sequence into longer pieces of DNA. This 

and 4,965,188 provides additional uses for oligonucleotides method was developed to allow a single researcher to 

based upon the kinase nucleotide sequence. Such oligomers process multiple genes (up to 20 or more) at one time and to 

are generally chemically synthesized, but they may be of obtain an extended (possibly full-length) sequence within 
recombinant origin or a mixture of both. Oligomers gener- ^ 6-10 days. This new method replaces methods which use 

ally comprise two nucleotide sequences, one with sense labelled probes to screen plasmid libraries and allow one 

orientation (5'-*3*) and ooc with antiscuse (3' to 5') researcher tu process only about 3-5 geucs in 14—40 days, 

employed under optimized conditions for kientification of a !„ ihe first step, which can be performed in about two 

specific gene or diagnostic use. The same two oligomers, days, any two of a plurality of primers are designed and 

nested sets of oUgomers, or even a degenerate pool of synthesized based on a known partial sequence. In step 2. 

oligomers may be employed under less stringent conditions which takes about six to eight hours, the sequence is 

for identification and/or quantiiatkin of closely related DNA extended by PCR amplification of a selected library. Steps 3 

or RNA sequences. jjkj 4^ which take about one day, arc purification of the 

Full length genes may be cloned utilizing partial nucle- amplified cDNA and its ligation into an appropriate vector, 

otide sequence and various methods known in the art. Step 5, which takes about one day, involves transforming 

Gobinda et al (1993; PCR Methods Applic 2:318-22) dis- and growing up host bacteria. In step 6, which takes approxi- 

close *'restrictiou-site PCR" as a direct method which uses malcly five hours, PCR is used to screen bacterial duties fur 

universal primeiri to retrieve unknown sequence adjacent to extended sequence, ilie final steps, which take about one 
a known locus. First, genomic DNA is amplified in the ^ day, involve the preparation and sequencing of seleaed 

presence of primer to linker and a primer specific to the clones. 

known region. The amplified sequences arc subjected to a if the full length cDNA has not been obtained, the entire 

second round of PCR with the same linker primer and procedure is repeated using cither the original library or 

another specific pruncr internal to the first one. Products of some other prefeacd library. The preferred Ubrary may be 

each round of PCR are transcribed with an appropriate RNA one that has been sizc-sclccied to include only larger cDNAs 

polymerase and sequenced using reverse transcriptase. or may consist of single or combined commercially a vail- 

Gohinda et al present data concerning Factor IX for which jble libraries, eg. lung, liver, heart and brain from Gibco/ 

they identified a conserved stretch of 20 nucleotides in the bRL (Gaithcrsburg, Md ). The cDNA Ubrary may have been 

3* nuocoding region of the gene. prepared with ohgo (dT) or random priming. Random 

Inverse PCR is tbc firM method lu report successful 50 primed libraries are prefcncd in that they will contain more 

acquisition of unknown sequences starling with primers sequences which contain 5' ends of genes. A randomly 

based on a known region (Triglia T et al (1988) Nucleic primed library may be particularly useful if an oligo (dl) 

Acids Res 16:8186). The method uses several restriction library does not yield a complete gene. It must be noted thai 

enzymes to generate a suitable fragment in the known region the larger and more complex the protein, the less likely it is 
of a gene. The fragment is then circularized by iniramolecu- 55 that the complete gene will be found in a single plasmid. 

lar Ugalion and used as a PCR template. Divergent primers a new method for analyzing either the size or the nucle- 

are designed from the known region. The multiple rounds of otide sequence of PCR products is capiUary electrophoresis, 

rcstricuoo enzyme digestions and ligations that arc oeces- Systems for rapid sequencing are available from Pcrkin 

sary prior to PCR make the procedure slow and expensive Elmer (Foster, City Calif), Bcckman Instruments (Fullerton, 
(Gobinda ct al, supra). ^ Calif.), and other companies. Capillary sequencing employs 

Capture PCR (Lagcrstrom M. et al (1991) PCR Methods Oowable polymers for electrophoretic separation, four dif- 

AppUc 1:111-19) is a method for PCR amplification of DNA ferent (luoresccnl dyes (one for each nucleotide) which are 

fragmenUi adjacent to a known sequence in human and YAC laser activated, and detection of the emitted wavelengths by 

DNA. As noted by Gobinda el al (supra), capture PCR also a charge coupled devise camera. Output/light intensity is 
requires muhiple restriction enzyme digestions and ligations 65 converted 10 electrical signal using appropriate software (eg. 

to place an engineered doublc-strandcd sequence into an Genotypcr™ and Sequence Navigators^ from Perkin 

unknown portion of the DNA molecule before PCR. Elmer) and the entire process from loading of samples to 
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computer aDalysis and ckcironic data display is computer 
coatrollcd. Capillary elcciropboresis provides greater rcso- 
lutioa and is many times faster thaa standard gel based 
procedures. !i is particularly suited to the sequccciog of 
small pieces of DNA which might be present in limited 
amounts io a particular sample. The reproducible sequenc- 
ing of up 10 350 bp of M13 phage DNA in 30 min has been 
reported (Ruiz-Martioez M, C et al (1993) Anal Chem 
65:2851-8). 

Anoiber aspect of the subject inventioa is to provide for 
kinase bybridiization probes which are capable of hybridiz- 
ing with naturally occurring nucleotide sequences encoding 
kinases. The stringency of tbe hybridization conditions will 
determine whether the probe identifies only the native 
nucleotide sequence of that specific kinase or sequences of 
closely related molecules. If degenerate kinase nucleotide 
sequences of the subject Inveation arc used for tbe detection 
of related kinase encoding sequences, they should preferably 
contain at least 50% of the nucleotides of the sequences 
presented herein. Hybridization probes of tbe subject inven- 
tion may be derived from the nucleotide sequences of the 
SEO ID NOs 1-44, or from surrounding or included 
genomic sequences comprising untranslated regions such as 
promoters, enhancers and introns. Such hybridization probes 
may be labelled with appropriate reporter molecules. Means 
for producing specific hybridizaiinn probes for kinases 
include oligolabelling, nick translation^ end-labelling or 
PGR amplification using a labelled nucleotide. Altera a lively, 
tbe cDNA sequence may be cloned into a vector for the 
production of mRNA probe. Such vectors are known in the 
ijt, are commerdally available, and may be used to synthe- 
size RNA probes in vitro by addition of an appropriate RNA 
polymerase such as T7, T3 or SP6 and labelled nucleotides. 
A number of uimpanics (.such as Pharmacia Biotech, 
Piscataway, N J.; Promega, Madison, Wis.; US Biochemical 
Corp, Qeveland, Ohio; etc.) supply commercial kits and 
protocols for these procedures. 

Il is also possible to produce a DNA sequence, or portions 
thereof, entirely by synthetic chemistry. Sometimes the 
source of information for producing this sequence comes 
from the known homologous sequence from closely related 
organisms. After synthesis, the nucleic acid sequence can be 
used alone or joined with a preexisting sequence and 
icscncd into one of the many available DNA vectors and 
their respective host cells using techniques well known in 
the art. Moreover, synthetic chemistry may be used to 
introduce specific mutaiioos into the nucleotide sequence. 
Alternatively, a portion of sequence in which a mutation is 
desired can be synthesized and recombined with a portion of 
ao existing genomic or recombinant sequence. 

Tbe kinase nucleotide sequences can be used individually, 
or in panels, in a diagnostic test or assay to detect disorder 
or disease processes associated with abnormal levels of 
kinase expression. The nucleotide sequence is added to a 
sample (fluid, cell or tissue) from a patient under bybridiziag 
conditions. After an incubation period, tbe sample is washed 
with a compatible fluid which optionally contains a reporter 
molecule which will bind the specific nucleotide. After the 
compatible fluid is rinsed off, tbe reporter molecule is 
quantitaled and compared with a standard for that fluid, eel) 
or tissue. If kinase expression is significantly different from 
tbe standard, the assay indicates tbe presence of disorder or 
disease. Tbe form of such qualitative or quanliuiive meth- 
ods may include northern analysis, dot blot or other mem- 
brane bi';cd technologies, dip slick, pin or chip technologies, 
PCK, HLlSAs or other multiple sample fonmat technobgies. 

This same assay, combining a sample with the nucleotide 
sequence, is applicable in evaluating the efficacy of a 
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particular therapeutic treatment regime. It may be used in 
animal studies, in clinical trials, or in monitoring the treat- 
ment of an individual patient. First, standard expression 
must be established for use as a basis of comparison. 

5 .Second, samples from the animals or patients affected by the 
disorder or disease are combined with tbe nucleotide 
sequence to evaluate the deviation &om the standard or 
normal profile. Third, an existing therapeutic agent is 
administered, and a treatment profile is generated. The assay 
is evaluated to determine whether the profile progresses 
toward or returns to the standard pattern. Successive treat- 
ment profiles may be used to show the efficacy of treatment 
over a period of several days or several months. 
The nucleotide sequence for any partictilax kiaase (SEQ 

33 ID NOs 1-45) can also be used to generate probes for 
mapping the native genomic sequence. Tbe sequence may be 
mapped to a particular chromosome or to a specific region 
of the chromosome using well known tecboiques. These 
include in situ hybridization to chromosomal spreads 
(Verma et al (1988) Human Chromosonaes: A Manual of 
I3asic Techniques, Pcrgamon Press, New York City), flow- 
sorted chromosomal preparations, or artificial chromosome 
constructions such as yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), bacterial Pi con- 

25 siructions or single chromosome cDNA libraries. 

In situ hybridization of chromosomal preparations and 
physical mapping techniques sucb as linkage analysis using 
established chromosomal markers are invaluable in extend- 
ing genetic maps. Examples of genetic maps can be found in 

30 the 1994 Genome Issue of Science (265:l98lf). Often the 
placement of a gene on the chromosome of anotber mam- 
ma Uan species may reveal associated markers even if the 
number or arm of a particular human chromosome is not 
known. New partial nucleotide sequences can be assigned lo 

35 chromosomal arms, or parts thereof, by physical mapping. 
This provides valuable information to investigators search- 
ing for disease genes using positional cloning or other gene 
discovery techniques. Once a disease ur syndrome, such as 
ataxia telangiectasia (AT), has been crudely localized by 

40 genetic linkage to a particular genomic region, for example, 
AT to nq22-23 (Galli et al (1988) Nature 336:577-580), 
any sequences mapping to that area may represent genes for 
further investigation. The nucleotide sequences of the sub- 
ject invention may also be used to detect differences in ihc 

45 chromosomal location of nucleotide sequences due to 
translocation, invcrsioa, etc. between normal and carrier or 
affected individuals. 

Tbe partial nucleotide sequence encoding a pantcuhr 
kinase may be used to produce an amino acid sequence using 

50 well known methods of recombinant DNA technology. 
Coeddel (1990. Gene Expression Technology, Methods and 
Eozymology, Vol 185, Academic Press, San Diego, Calif .) is 
one among many publications which teacb expression of an 
isolated, purified nucleotide sequence. The amino acid or 

55 peptide may be expressed in a variety of host cells, cither 
prokaryolic or eukaryotic. Host cells may be from tbe same 
species from which the nucleotide .sequence was derived or 
from a different species. Advantages of producing an nmino 
acid sequence or peptide by recombinant DNA tecbnok)gy 

60 inchide obtaining aiquate amounts for purification and the 
availability of simplified purification procedures. 

Cells transformed with a kinase nucleotide sequence may 
be cultured under conditions suitable for the exprcssi(m and 
recovery of peptide from cell culmre. The peptide produced 

05 by a recombinant cell may be secreted or may be contained 
intraocllularly depending on the sequence itself and/or the 
vector used, tn general, il is more convenient to prepare 
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recombinant proteins in secreted form, and this is accom- an older procedure, the procedure presented in this applica- 

plisbcd by hgaliug kin lo a rccombinaot nucleotide sequence tion is exemplary of one cufrenUy being used by persons 

which directs its movement through a particular prokaryotic skilled in the art. For the purpose of providing an exemplary 

tir eukaryoiic cell raembrane. Other recombinant construe- melhcxl, the tissue preparation, mRNA isolation and cDNA 

tions may join kin to nucleotide sequence encoding a 5 library construction described here is for the rheumatoid 

polypeptide domain which will fadliute protein purification synovium library from which the Incyte Clones 191283 and 

(KroU D. J. ei al (1993) DNA Cell Biol 12:441-53). 192268 for ser/lhr kinases were obuincd. 

Direct peptide synlhcsw using solid-phise techniques Rheumatoid synovial tissue was obtained from the hip 

(Stewart el al (1969) Solid-Phase Peptide Synthesis, WH joint renx>ved from a 68 year old female with erosive. 

Freeman Co, San Francisco, Calif.; Merrifield J. (1963) J lO nodular rheumatoid arthritis. The tissue was frozen, ground 

Am Cbcm Soc 85:2149-2154) is an alternative to rccom- lo powder in a mortar and pcsUc, and lysed immediately in 

binanl or chimeric peptide production. Automated synthesis buffer containing guanidinium isothiocyanale. Tbe lysale 

may be achieved, for example, using Applied Biosystems was ccnuifuged over a CsCl cushion (18 hrs at 25,000 rpm 

431 A Peptide Synthesizer in accordance with the instruc- using a Bcckman SW28 rotor and ultracentrifuge; Deckman 

tions provided by the manufacturer. Additnnally a particular Instruments, Palo Alto, C^lif.), elhanul precipitated, resus> 

kinase sequence or any part thereof may be mutated during pcnded in water and DNasc treated for 15 min al 3T* C. Tbe 

direct synthesis and combined using chemical methods with RNA was extracted with phenol chloroform and precipitated 

other kinase sequeoce(s) or a part thereof. 'Ibis chimeric with ethanol. Polyadenylated messages were isolated using 

nucleotide sequence can also be placed in an appropriate Qiagen Oligolex (QIAGEN Inc, Chalsworth, Calif ), and a 

vector and host cell to produce a variant peptide. ^ custom cDNA Ubrary was constructed by Stratagcnc (La 

Although an aminu add f«quenoe or oligopeptide used for Jolla, Calif.), 

antibody induction does not require biological activity, it f^rst strand cDNA synthesis was accomplished using an 

musi be immunogenic. KIN used lo induce specific anii- °*^8o (dT) pnmer/Hnker which also contained an Xhol 

bodies may have an amino ackl sequence consisting of at restriction site. Second strand synthesis was performed 

least five amino acids and preferably at least 10 amino adds. ^5 using a combination of DNA polymerase 1, £. colt ligasc and 

Short stretches of amino acid sequence may be fused with RNase H. followed by the addition of an EcoRI tnkcr to the 

those of another protein such as keyhole limpet bemocyanin, cDNA. The EcoRI linked, double -stranded 

and the chimeric peptide used for antibody production. cDNA was then digested with Xhol restriction enzyme. 

Alternatively, the oligopeptide may be of sufficient length to extracted with phenol chloroform, and fractionated by size 

contain an entire domain, ^ Scphacryl S400. DNA of the appropriate size was then 

Antibodies specific for KIN may be produced by inocu- ''^ated to dephosphorylated Lambda Zap® arms 

lation of an appropriate animal with an antigenic fragment of (Siratagene) and packaged using Cigapack extracts 

the peptide. An antibody is specific for KIN if it is produced (Siratagene). pBluescript (Siratagene) phagcmid DMAs 

against an epitope of the polypeptide and binds to at least "^^I^ excised en masse from the Ubrary. 

part of tbe natural or rccombxnani protein. Antibody pro- ^" altcmaUve. DNAs were purified using Miaiprep 

duction includes not only the stimulation of an immune (Catalog #77468; Advanced Genetic Technologies 

response by injection into animals, but also aoatogous Corporation. Gaithersburg, Md.). lliese kits provide a 

processes such as the pruduciion of synthetic antibodies, the '""""^^ reagents for 960 purifications, 

screening of recombinant immunogtebuUn libraries' for The recommended protocol supplied with each kit has been 

spccific-binding molecules (Orlandi R. ci al (1989) PNAS ^ employed except for the foltowing changes. First, the 96 

86:3833-3837, or Husc W. D. el al (1989) Science wells are each filled with only 1 ml of sterile Ten-ific broth 

256:1275-1281), or the in vitro slimulaUon of lymphocyte TECHNOLGIES™. Gaithersburg, Md.) with carbc- 

populations. Current technology (Winter G. and Milstein C ^ (2xCarb) and glycerol at 0.4%. After the 

(1991) Nature 349:293-299) provides for a oumhcr of inoculated, the bacteria are culmrcd for 24 hours 

highlv specific binding reagents based oo the principles of ^^^^ with 60 /d of lysis bufler. A centrihigalion step 

antibody formation. These techniques may be adapted to ^^^^ ^ minutes) is performed before the contents 

produce molecules which specifically bind kinase peptides. **** P^"^^^' P^^'^- 

Antibodies or other appropriate molecules generated against op»»OBal stcp of addmg isopropanol to TRIS buffer is not 

a specific immunogenic peptide fragment or obgopepiidc routinely performed. After the last step in the protocol, 

can be used in Wcstcm analysis, enzyme-linkediramunosor. ^° samples arc transferred to a Beckman 96-well block for 

bent assays (ELISA) or similar tests to establish the presence storage . 

of or to quaniitatc amounts of kinase active in normal, ° Scqueocmg of cDNA Qonts 

diseased, or therapeutically treated cells or tissues cDNA inserts from random isolates of tbe rheumatoid 

The examples below are provided to illustrate tbe subject „ '^,°r°L!f ^^^^^^^PP'^P""^ ^^'^ ^f^^ sequenced in 

invention. Ucsc examples are provided by way of ilhisira- Methods for DNA sequencing arc well known in the art 

tion and are not inchided for the purpose of limiting the ^""P^^ f t^.!?^^'^ ^ ^^"^"^ ^^8°^"°^ ^^^'^^ 

invention. "raumg me poiyujerasc I, SEOUENASE® (US Biochemical Corp) or 

Taq polymerase. Methods to extend the DNA fi^om an 

EXAMPLES oligonucleotide primer annealed to the DNA template of 

I cDNA Library Construction 6o interest have been developed for both single- and double - 

The kinase sequences of this application (Table 1) were stranded templates. Chain termination reaction products 

first idcnlifjctl among the sequences comprising various were separated using electrophorcsi.'; and detected via their 

libraries. Tci^nology has advanced considerably since the incorporated, labelled prccurNors. Rcccnl improvements in 

first cDNA libraries were made. Many small variations in Bjechanizcd reaction preparation, sequencing and analysis 

both chemicals and machinery have been instituted over 65 have permitted expansion in the number of sequences that 

time, and these have improved both the cflBcicncy and safety can be determined per day. Preferably, the process is auto- 

of the process. Although the cDNAs could be obtained using mated with machines such as the Hamilton Micro Lab 2200 
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(HamillOD, Reno. Ncv.). Peltier Tbcrmal Cycler (PTC200; 
MJ Research, Watertown Mass.) aad Uie Applied Biosys- 
terns Catalyst 800 aod 377 and 373 DNA sequencers. 

The quality of any particular cDNA library may be 
determined by pcrforTTiing a pilot scale analysts of 192 
cDNAs and checking for percentages of clones containing 
vector, lambda or E. coU DNA, mitochondrial or repetitive 
DNA, and doocs with exact or homologous matches to 
public databases. The number of unique sequences — those 
having no known match in any available database — were 
recorded. 

Ill Homology Searching of cONA Clone.^ and Their 
Deduced Proteins 

Each sequence so obtained was compared to sequences in 
GenBank using a search algorithm developed by Applied 
Biosystcms and iDCorporatcd into the INHERIT""* 670 
Sequence Analysis System. In this algorithm, Pattern Speci- 
fication Language (TOW Inc, Los Angeles, CaKf .) was used 
to detenmine regions of homology. The three parameters that 
determine bow the sequence comparisons run were window 
size, window ofifset, and error tolerarice. Using a combina- 
tion of these three parameters, the DNA database was 
searched for sequences containing regions of homology to 
the query sequence, and the appropriate sequences were 
scored with an initial value. Subsequently, these homolo- 
gous regions were examined using dot matrix homology 
plots to distinguish rrgions of homology from chance 
matches. Smith -Waterman alignments were used lo display 
the results of the homology search. 

Peptide and protein sequence homologies were ascer- 
tained using the INHERIT^" 670 Sequence Analysis System 
in a way similar to that used in DNA sequence homologies. 
Pattern Specification Language and parameter windows 
were used to search protein databases for sequences con- 
taining regions of homology which were scored with an 
initial value. Dul-malrix homology plots were examined to 
distinguish regions of significant homology from chance 
matches. 

Alternatively, BLAST, which stands for Basic Local 
Alignment Search Tool, is used to search for local sequence 
alignments (Altschul S. F. (1993) J Mol Evol 36:290-300; 
Altschul, S. F. et al(1990) J Mol Biol 215:403-10). BLAST 
produces alignments of both nucleotide and amino acid 
sequences to determine sequence similarity. Because of the 
local nature of the alignments, BLAST is especially useful 
in determining exact matches or in identifying bomologs. 
While it is useful for matches which do not contain gaps, it 
is inappropriate for performing motif-siyle searching. The 
fundamental unit of BLAST algorithm output is the High- 
scoring Segment Pair (HSl*). 

An HSP consists of two sequence fragments uf arbitrary 
but equal lengths whose alignment is locally maximal and 
for which the alignmentBLAST approach is to look thresh- 
old or cutoff score set by the user. The BLAST approach is 
to look for llSPs between a query sequence arxl a database 
sequence, to evaluate the statistical significance of any 
matches found, and to report only those matches which 
satisfy the user-selected threshold of significance. The 
parameter £ establishes the statistically significant threshold 
for reporting database sequence matches. E is interpreted as 
the upper bound of tbe expected frequency of chance 
occurrence of an HSP (or set of HSPs) within tbe cuulcxt of 
the entire dalaba.se search. Any database sequence whose 
match satisfies E is reported in the program output. 

Ail tbe kinase molecules presented in this appUcaiion 
were examined using INHERJT. Although their identifica- 
tion was based on tbe criteria above, tbeir bomok>gy lo 
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known kinase molecules and name are subject to change 
when additional computer analysis against additional or 
more recent database information is coipkiyed. For example, 
whereas the first two kinases in Table 1 were initially 

5 identified as unique Incyte clones, homologous mouse and 
human kinases are now known. In other cases, additional 
sequence information has become available and its review 
against ibe known databases has precipitated a name change. 
Occasionally a done number will also disappear from the 

10 UFESEO™ database (Incyte Pharmaceuticals Inc, Palo 
Aho, Calif.). Tbis simation generally arises during tbe 
regular review of clones and assembly of contiguous 
sequences. 

IV Extension of cDNAs lo Full Length 
15 'Ihe kinase sequences presented here can be used to 
design oligonucleotide primers for the extension uf the 
cDNAs to full length. In fact, the partial map kinase cDNA 
sequence (SEQ ID NO 38) initially identified in Incyte clone 
214915 among the sequences comprising the human siom- 
20 acfa cell library was extended to full length as shown in ''A 
Novel Human Map Kinase Homolog" by Hawkins ei al. 
Incyte Docket PF-036P, filed on Jun. 28, 1995. incorporated 
herein by reference. The coding region of this full length 
sequence (SEQ ID NO 45; Incyte Gone 2149 15E) begins at 
25 oucleoiide 58 and ends at nucleotide 1156. 

Primers are designed based on known sequence; one 
primer is synthesized to initiate extension in the antiscosc 
direction (XLK) and the other to extend sequence in the 
sense direction (XLF). The primers allow tbe sequence to be 
30 extended "outward" generating amplicons containing new, 
unknown nucleotide sequence for the gene of interest. The 
primers may be designed using Oligo 4.0 (National Bio- 
sciences Inc, Plymouth, Minn.), or another appropriate 
program, to be 22-30 nucleotides in length, to have a GC 
35 content of 50% or more, and to anneal to tbe target sequence 
at temperatures about 68*'-72** C. Any stretch of nucleotides 
which would result in hairpin structures and primer-primer 
dimcrizations was avoided. 
The stomach cDNA library was used as a template, and 
40 XLR-AAG ACA TOO AGO AGC CCA ATG AC and 
XLF-AGG TGA TCC TCA GCT GGA TGC AC primers 
were used to extend and amplify the 214915 sequence. By 
following tbe instructions for the XL-PCR kit and thor- 
oughly mixing the enzyme and reaction mix, high fidelity 
45 amplification is obtained. Begiiming with 25 pMol of each 
primer and the recommended concentrations of all other 
components of the kit, PCR is performed using the Peltier 
Thermal Cycler (PTC200; MJ Research, Watertown, Mass.) 
and the following parameters: 
50 Step 1 94* C. for 60 sec (initial denaturalion) 
Step 2 94* C for 15 sec 
Step 3 65* C. for 1 min 
Step 4 68* C. for 7 min 
55 Step 5 Repeat step 2-4 for 15 additional cycles 
Sicp 6 94" C. for 15 sec 
Step 7 65* C. for 1 rain 
Step 8 68* C. for 7 min+15 scc/cyclc 
Step 9 Repeat step 6-8 for 11 additional cycles 
^ Step 10 72* C. for 8 min 
Step 11 4* C. (and holding) 

At the end of 28 cycles, 50 fA of tbe reaction mix was 
reax)ved; and the remaining reaction mix was run for an 
additional 10 cycles as outlirwd below: 

Step 1 94* C. for 15 sec 

Step 2 65* C. for 1 min 



# 
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step 3 68" C. for (10 min+15 scc)/cycle 
Step 4 Repeat step 1-3 for 9 additional cycles 
Step 5 IT C. for lO min 

A 5-10 fA aliquot of the reaction aaixturc is analyzed by 
electrophoresis, on a low coDccotratioii (about 0.6-0.8%) 
agarose mini-gel to deterroinc which reactions were suc- 
cessful in extending the sequence. Although all extensions 
potentially contain a full length gene, some of the largest 
products or bands are selected and cut out of the gel. Further 
purification involves using a commercial gel extraction 
method such as QI AQuick^M (QIAGEN loc). After recovery 
of the DNA, Kkoow enzyme is used to trim single -stranded, 
nucleotide overhangs creating blunt ends which facilitate 
religation and cloning. 

After ethanol precipitation, tbc products are redissolved in 
13^ of Ugation bufifer. Then, 1 f£i T4'DNA ligase (IS units) 
and 1 ;<1 T4 polynucleotide kinase arc added, and the mixture 
is incubated at room temperature for 2-3 hours or overnight 
at 16' C. Competent coli cells (in 40 of appropriate 
media) are transformed with 3 fi\ of ligation mixmre and 
cultured in 80 /il of SOC medium (Sambrook J. et al, supra). 
After incubation for one hour at 37* C. the whole transfor- 
mation mixture is plated on Luria Bertani (LB)-agar 
(Sambrook J. et al, supra) containing 2xCarb. The following 
day, 1 2 colonics arc randomly picked from each plate and 
cultured in iSOfi] of liquid LB/2xCarb medium placed in an 
individual wcl! of an appropriate* commercially- available, 
sterile 96-wcll microliter plate. The following day, 5 of 
each overnight culture is transferred into a non-sterile 
96-wcll plate and after dilution 1:10 with water, 5 //I of each 
sample is transferred into a PCR array. 

For PCR amplification, 15 /il of concentrated PCR reac- 
tion mix (133x) containing 0.75 units of Taq polymerase, a 
vector primer and one or both of ihe gene specific primers 
used for the extension reaction are added to each well. 
Amplification is performed using the following conditions: 

Step 1 W C. for 60 sec 

Step 2 94** C. for 20 sec 

Step 3 55" C. for 30 sec 

Step 4 72' C. for 90 sec 

Step 5 Repeat steps 2-4 for an additional 29 cycles 
Step 6 72' C. for 180 sec 
Step 7 4* C. (and hoWing) 

Aliquois of the PCR reactions are run on agarose gels 
together with molecular weight markers. The sizes of the 
PCR products arc compared to the original partial cDNAs, 
and appropriate clones arc selected, ligatcd into plasmid and 
sequenced. 

V Diagnostic Assays Using Kinase Specific Oligomers 

Id those cases where a specific disorder or disease (see 
definitions supra) is suspected to involve altered quantities 
of a particular kinase, oligomers may be designed to estab- 
lish the presence and/or quantity of mRNA expressed in a 
biological sample. There are several methods currently 
being used to quantitate the expression of a parn'cular 
molecule. Most of these methods use radiolabclled (Melby 
P C. et al 1993 J Immuool Methods 159:235-44) or bioti- 
oylatcd (Duplaa C. el al 1993 Anal Biochem 229-36) 
nucleotides, coamplification of a control nucleic acid, and 
standard curves onto which the experimental rcsulLs arc 
interpolated. For example, phosphorylase B kinase defi- 
ciency may manifest as hepalumcgaly which Is inherited as 
either an X-linked or autosomal recessive trait or myoglo- 
binuria whose inheritance is unknown. 

Oligomers for phosphorylase B kina5;c are first u.<;cd in 
quantitative PCR to establish a normal range for expression 
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of phosphorylase B kinase. Then, these same oligomers are 
used with extracts of cells from patients with inherited 
pho.sphorylasc B kinase deficiency. Tbc information from 
such smdies is used to define different inheritance patterns 
5 and to diagnose future patients displaying phosphorylase B 
kinase deficiency-like symptonss. In like manner, this same 
assay can be used to monitor progress of the patient as 
bis/her physiological situation moves toward the normal 
range during therapy for the condition. 

VI Kinases Kit 

The kinases of the subject invention are used to produce 
a kinases kit for diagnosing disorders or diseases associated 
with altered kinase expression. This involves the designing 
a plurality of oligomers, one set of which is specific for each 
kinase or kinase regulatory sequence. Specificity in this case 
refers to sequence similarity, to the length of tbc nucleic acid 
molecule amplified, to cell or ti<Kue type being screened or 
to the disorder or disease. These oligomers are combined 
with a biological sample obtained from a patient in a 
solutwn sufficient for PCR and amplified. The PCR products 

20 are examined first, to detect the expression of each kinase, 
and second to quantify the expression of each kinase. Kinase 
expression is compared with standard ranges for normal and 
abnormal expression. In the case(s) where kinase expression 
is altered, use of the kit has provided the physician with a 

25 named disorder or disease which can be treated or further 
investigated. 

A further use of the oligomers from the kinases kit is in 
a diagnostic assay of example V (above) used to mcmilor 
patient response to drug therapy. Once the disease has been 

30 named and a therapy chosen, the oligomers specific to the 
patient's disease may be used periodically to monitor the 
efficacy of the chosen therapy. lo this case, the specific 
oligomers are combined with a biological sample from the 
patient in a solution sufficient for PCR and amplified. The 

35 PCR product is quantified and compared with a normal 
standard and with the pretrcatmcnt profile of tbc patient. If 
the kinase expression is tending toward normal, the therapy 
may be considered effective; if the expression is even more 
abnormal, therapy should be disuunlinued and an alternative 

40 treatment instituted. 

VII Sense or Anlisense Molecules 

Knowledge of the concct cDNAscquence of any particu- 
lar kinase, its regulatory elements or parts thereof will 
enable its use as a tnnl in sense (Youssoufian H. and H. F. 

45 Lodish 1993) Mol Cell Biol 13:98-104) or antisense 
(Eguchi et al (1991) Annu Rev Biochem 60:631-652) tech- 
nologies for the investigation of gene function. 
Oligonucleotides, from genomic or cDNAs, comprising 
either the sense or (he antisense strand of the cDNA 

50 sequence can be used in vitro or in vivo lo inhibit expression. 
Such technology is oow well known in the art, and oligo- 
nucleotides or other fragments can be designed from various 
bcations along the sequences. 
The gene of interest can be turned off in the short term by 

55 transfecting a cell or tissue with expression vectors which 
will flood the cell with sense or anlisense scqueoccs until all 
copies of the vector are disabled by endogenous nucleases. 
Stable transfection of appropriate germ line cells or prefer- 
ably a zygote with a vector containing the fragment will 

60 produce a transgenic organism (U.S. Pal. No. 4,736^66, 12 
Apr 1988), which produces enough copies of the sense or 
antisense sequerxx to significantly compromise or entirely 
eliminate normal aUivity of the particular kinase gene. 
Frequently, the function of the gene can be ascertained by 

C5 observing behaviors such as lethahty, loss of a physiological 
pathway, changes In morphology, etc. at tbc inaacellular, 
cellular, tissue or organismal level. 
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lo addition to using Eragmeats constnicied to interrupt 
transaipiion of the open reading frame, modi fica lions of 
gene expression can be obtained by designing aatiscnsc 
sequences to promoters, enhancers, inlrons, or even lo 
trans-acting regulatory genes. Similarly, inhibition can be 
achieved using Hogcboona base-pairing methodology, also 
known as "triple bclix" base pairing. 
VIIl Expression of Kinases 

Expression of the kinases may be accomplished by sub- 
cloning the cDNAs into appropriate vectors and transfccting 
the vectors into best cells. In some cases, the cloning vector 
previously used for the generation of the tissue library also 
provides for direct expression of kinase sequences in E. call. 
Upstream of the clonit^ site, this vector contains a promoter 
for P-galaclosidase, followed by sequence containing the 
amino-lcrminal Met and the subsequent 7 residues of 
p-galactosidase. Immedtaiely following these eight residues 
is a bacteriophage promoter useful for transcription and a 
linker containing a number of unique restriction sites. 

Induction of an isolated, transfected baaerial strain with 
IPTG using standard methods will produce a fusion protein 
correspondipg to the first seven residues of P-galactosidasc, 
about 5 to 15 residues which correspond to linker, and the 
peptide encoded within the kinase cDNA. Since cDNA 
clone inserts are generated by an essentially random process, 
there is one chance in three that the included cDNA will lie 
in the correct frame for proper translation. If the cDNA is not 
in the proper reading frame, it can be obtained by deletion 
or insertion of the appropriate number of bases by well 
known methods including in vitro mutagenesis, digestion 
with exoQUclease 111 or muog bean nuclease, or oligonucle- 
otide linker inclusion. 

Tht kinase cDNA can be shuttled into other vectors 
known to be useful for expression of protein in specific 
hosts. Oligonucleotide linkers containing cloning sites as 
well as a stretch of DNA sufficient lo hybridize to the end of 
the target cDMA (25 bases) can be synthesized chemically 
by standard methods. These primers can then used to 
amplify the desired gene fragments by PCR. The resulting 
fragments can be digested with appropriate restriction 
enzymes under standard conditions and isolated by gel 
clearopboresis. Alternatively, similar gene fragments can be 
produced by digestion of the cDNA with appropriate restric- 
tion enzymes and filling in the missing gene sequence with 
chemically synthesized oligonucleotides. Partial nucleotide 
sequence from more than one gene can be ligated together 
and cloned in appropriate vectors lo optimize expression. 

Suitable expression hosts for such chimeric molecules 
iuclude but are not limited to mammalian celts such as 
Chinese Hamster Ovary (CHO) and human 293 cells, insect 
celLs such as SF? cells, yeast cells such as Saccharomyces 
cercvisiac, and bacteria such as£. coli. For each of diese cell 
systems, a useful expression vector may also include an 
origin of replication to allow propagation in bacteria and a 
selectable marker such as the p-lactamase antibiotic resis- 
tance gene to allow selection in bacteria. In addition, the 
vectors may include a second selectable marker such as the 
neomycin phosphotransferase gene to allow selection in 
transfected cukaryoiic bost cells. Vfectors for use in eukary- 
otic exprcssioo hosts may require RNA processing elements 
such as 3' polyadeaylatioo sequences if such are not part of 
the cDNA of interest. 

Additwnally, some of the kinase vectors may contain 
native promoters which will allow induction of gene expres- 
sion in human celk such as the 293 line mentioned above. 
Other available promoters are host specific and may be 
specifically combined with the coding region o[ the kinase 
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of interest. They include MMTV, SV40, and metallothionine 
promoters for CHO cells; irp, lac. tac and T7 promoters for 
bacterial hosts; and alpha factor, alcohol oxidase and PGH 
promoters for yeast. In addition, transcription enhancers, 
5 such as the rous sarcoma vims (RSV) enhancer, niay be used 
in mammalian bost cells. Once bomogeoeous cultures of 
recombinant cells are obtained through standard culhire 
methods, large quantities of recombioantly produced peptide 
can be recovered from the conditioned medium and ana- 

10 lyzed using methods known in the art. 
DC bolaiioD of Recombinant KIN 

KIN may be expressed as a recombinant protein with one 
or more additional polypeptide domains added to facilitate 
protein purification. Such purification facilitating domains 

IS include, but are not limited to, metal chelating peptides such 
as hislkline-tryptopban modules that albw purification on 
immobilized metals, protein A domains that albw purifica- 
tion on immobilized immunoglobulin, and the domain uti- 
lized in the FLAGS extension/affinity purification system 

20 (Immunex Corp, Seattle, Wash.). The inclusion of a cleav- 
able linker sequence such as Factor XA or enterokinasc 
(Invitrogen) between the purification domain and the kin 
sequence may be useful to facilitate expression of KIN. 
X Testing for Kinase Activity 

25 The sequences in this application represent many different 
domains of different kinase families. These domains (and 
subdomains as detailed in the background uf the inventbn) 
may be utilized: 1) individually for the production of 
antibodies, 2) in functional groups (eg. to span a membrane), 

30 and 3) as interchaagable, usable parts of a chimeric kinase. 
The various partial cDNA sequences of this application 
represent the different kinase domains of the various fami- 
lies (Hardie G. and Hanks S., supra), and they may be 
recombined in numerous ways to produce chimeric nucleic 

35 acid molecules. For example, a loiown, full length kinase 
such as the human map kinase of this application (Seq ID No 
45) may be used to swap related portions of the nucleic acid 
sequence, analogous to domains or subdomains of MAP 
kinase polypeptides. The chimeric nucleotides, so produced, 

40 may be introduced into prokaryntic ho.<;t cells (as reviewed 
in Strosberg A. D. and MaruUo S. (1992) Trends Pharma Sci 
13:95-98) or eukaryotic host cells. These host cells arc then 
employed in procedures lo determine what molecules acti- 
vate the kinase or what molecules are activated by a kinase. 

45 Such activating or activated molecules may be of 
extracellular, intracellular, biologic or chemical origin. 

Ad example of a test system, in this case for protein 
tyrosine kinases, can be based on the interaction of protein 
tyrosine kinases with chemokine receptors (Taniguchi T. 

50 (1995) Science 268:251-255). ilicse receptors are capable 
of activating a variety of nonreceptor protein tyrosine 
kinases when stimulated by an extracellular chemokine. 
C-X-C chemokines such as platelet factor 4, inierleukin-8, 
connective tissue activating protein III, neutrophil activating 

55 peptide 2, arc soluble activators of neutrophils. 

A standard measure of neutrophil activation involves 
measuring the mobilization of Ca*^ as part of the signal 
iransductkjn pathway. The experiment involves several 
steps. First, blood cells obtained from venipuncture are 

60 fractionated by ccotrifugatiou on density gradients. Enriched 
populations of neutrophils are further fractionated on col- 
umns by negative selection u.sjng anliliudics .sTxicific Un 
other blood cells types. Next, neutrophils are transformed 
with an expression vector containing the kinase nucleic acid 

65 sequence of interest and preloaded fiuoresceot probe whose 
emission chaiaci eristics have been altered by Ca^ binding. 
Or in the alternative, the neutrophil is preloaded with the 
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purified kinase of ioiercst and fluorescent probe. Then, when 
tbe cells are exposed to an appropriate cbemokiDe, ihe 
cbemokine receptor activates the kinase which, in turn, 
initiates Ca** flux. Ca** mobiHy-ation is observed and mea- 
sured using fluoromelry as has been described in Grynk- 
icvicz G. ct al {19&S)} Biol Oicm 260:3440, and McColJ S. 
et al (1993) J Immunol 150:455CM555, incorporated herein 
by reference. 

XJ Identification of or ProdudioD of Kinase Specific Anti- 
bodies 

Purified KIN is used to screen a pre-existing antibody 
library or to raise antibodies, using either polyclonal or 
monoclonal methodology. For polyclonal antibody 
production, denanircd peptide from tbe reverse phase HPLC 
separation Is obtained in quantities up to 75 mg. This 
denatured protein can be used to immunize mice or rabbits 
using .<itandard protocols; about 100 micrograms are 
adequate for immunizatioQ of a mouse, while up to 1 mg 
might be used to immunize a rabbit. In identifying mouse 
hybridomas. the denatured protein can be labelled and used 
to screen potential murine B-ccll hybridomas for those 
which produce antibody. Tiiis procedure requires only small 
quantities of protein, such that 20 mg would be sufiBcieot for 
labelling aixj screening of several thousand clones. 



affinities of al least 10®/M, preferably i(f to 10'° or stronger, 
will typically be made by standard procedures as described 
in Harlow and Lane (1988) Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring 
5 Harbor, N.Y.; and in Coding (1 986) Monoclonal Antibodies: 
Principles and Practice, Academic Press, New York City, 
both incorporated herein by reference. 
XII Diagnostic Assays Using KIN Specific Antibodies 
Particular KIN antibodies arc uscfiit for investigation of 
10 various disorders or diseases which may be characterized by 
differences in tbe amount or distribution of KIN. Given the 
usual role of tbe kinases, KIN might be expected to be 
upregulated (or downregulated) in its invotveroent in acti- 
vation of signal cascades. 
IS Diagnostic assays for KIN include methods utiliang the 
antibody and a reporter molecule to detect KIN in human 
body fluids, membranes, cells, tissues or extracts thereof. 
The antibodies of the present invention may be used with or 
without modification. Frequently, the antibodies will be 
20 labelled by joining them, cither covalently or noocovalently, 
with a substance which provides for a detectable signal. A 
wide variety of reporter molecules and conjugation tech- 
niques arc known and have been reported extensively in 
both the scientific and patent literature. Suitable reporter 



For mouocloiial antibody production, the amino add 25 molecules or labels include those radionuclides, enzymes. 



sequence, as deduced from translation of tbe cDNA, is 
analyzed lo determine regions of high irarounogenicity. 
Peptides comprising appropriate hydrophilic regions are 
expressed from recombinant cDNA or synthesized and used 
in suitable immunization protocob to raise antibodies. 
Selection of appropriate epitopes is described by Ausubcl K 
M. ci al (supra). The optimal amino acid sequences for 
immunization are usually kx^ted at the C-terminus or 
N -terminus and in intervening, hydrophilic regions of the 
polypeptide which are likely to be exposed to the external 
environment when the protein is in its natural conformation. 

Typically, seleaed oligopeptides, about 15 residues in 
length, are synthesized using an Applied Hiosystems Peptide 
Syntljc.si/.er Mctdel 431 A using finoc^cbemistry and coupled 



fluorescent, chemi -luminescent, or chromogenic agents pre- 
viously mcntitmed as well as substrates, cofactors, 
inhibitors, magnetic particles and ihc like. PatenLs teaching 
tbe use of such labels include U.S. Pat. Nos. 3,817,837; 
30 3,850,752; 3,939350; 3,996^45; 4,277,437; 4,275,149; and 
4366,241. Also, recombinant immuno-globulins may be 
produced as shown in U.S. Pat. No. 4,816^67, incorporated 
herein by reference. 
A variety of protocols for measuring soluble or 
35 mcmbraoe-boiuid KIN. using cither polyclonal or mono- 
clonal antibodies specific for the protein, are known in the 
mi. Examples include enzyme-linked immunosorbent assay 
(EUSA), radioimmunoassay (RIA) and fluorescent acti- 
vated cell sorting (FACS). A two-site monoclonal-based 



to keyhole limpet hemocyanin (KLH, Sigma) by reaction 40 immunoa.<Kay utilizing monoclonal antibodies reactive to 



with M-maleimidobenzoyl-N-hydroxysuccinimide ester 
(MBS; Ausubel F. M. et al, supra). If necessary, a cysteine 
may be introduced al the N-terminus of the peptide to permit 
coupling lo KLH. Rabbits arc immunized with the pcptidc- 
KLH complex in complete Freund's adjuvant. The resulting 4S 
anilscra arc tested for aniipeptide activity by binding the 
peptide to plastic, blocking with 1% bovine serum albumin, 
reacting with antisera, washing and reacting with labelled, 
aSInity purified, specific goal anti-rabbit IgG. 

Hybridomas may also be prepared and screened using 50 
standard techniques. Hybridomas of interest are detected by 
screening with labelled KIN to identify those fusions pro- 
ducing the monoclonal antibody with the desired specificity, 
lo a typical protocol, wells of plates (FAST; Bccion- 
Dickinson, Palo Alto, Calif.) arc coated during incubation 55 
with afl&nity purified, specific rabbit anti-mouse (or suitable 
anti-species Ig) antibodies at 10 mg/ml. Ibe coated wells are 
blocked with 1% 6SA. washed and incubated with super- 
n at ants from hybridomas. After washing the wells are incu- 
bated with labelled KIN at 1 mg/ml. Supernatauts with 
specific antibodies bind more labelled KIN than is detectable 
in the background. Then chines producing specific antibod- 
ies are expanded and subjected to two cycles of cloning at 
limiting dilution. Qoned hybridomas are injected into 



two oon -interfering epitopes on KIN is preferred, but a 
competitive binding assay may be employed. These assays 
are described, among other places, in Maddox, D. £. ct al 
(1983, J Exp Med 158:1211). 
XIII Purification of Native KIN Using Antibodies 

Native or recombinant protein kinases can be purified by 
immunoaffiniiy chromatography using antibodies specific 
for thai particular KIN. In general, an immuooaffinity col- 
umn is constructed by covalently coupling the anti-KIN 
antibody lo an activated chromatographic resin. 

Polyclonal immunoglobulins are prepared &om immune 
sera cither by precipitation with ammonium sulfate or by 
purification on immobilized Protein A (Pharmacia Biotech). 
Likewise, monoclonal antibodies are prepared from mouse 
55 ascites fluid by ammonium sulfate precipitation or chroma- 
tography on immobilized Protein A. Partially purified immu- 
noglobulin is covalently attached to a chromatographic resin 
such as CnBr-activated Scpharose (Pharmacia Biotech). The 
antibody is coupled to the resin, the resin is blocked, and the 
60 derivative resin is washed according to tbe manufacturer's 
instructions. 

Such immunoaffiniiy columns may be utilized in the 
purification of KIN by preparing a fraction from cells 



containing KIN in a soluble form. This preparation may be 
prist ane-trcalcd mice to produce ascites, and monoclonal 65 derived by solubilization of whole cells or of a subcellular 
antibody is purified from mouse ascitic fluid by aflSnity fraction obtained via differential ccntrifugation (with or 
chromatography on Protein A. Monoclonal antibodies with without addition of detergent) or by other melbodb well 
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known id the art. Alieraaiively, soluble KIN comaiaing a Labelled KIN fragmenls arc also usc&jI as a reagent for 

signal scqucDCC may be secreted in useful quaniiiy into the the purification of molecules with which KIN interacts, 

medium in which the cells are grown. specifically including inhibitors, lo one erabodimeoi of 

A soluble KIN-conlaining preparation is passed over the affinity purification. KiN is covalenlly coupled to a chro- 

immunnaffioity column, ird the cohimo is washed under 5 malography column. Cells and their membranes are 

conditions that allow the preferential absorbaace of KIN (eg, extracted, KIN is removed and various KIN-frcc subcom- 

high ionic strength buO'ers in the presence of detergent). ponenls arc passed over the column. Molecules bind to tbe 

Then, the column is eluted under conditions thai disrupt column bv virtue of their KIN afiSnily. The KIN-complex is 

antibody /KIN binding (eg, a buffer of pH 2-3 or a high recovered from the column, dissociated and the recovered 

coocentration of a chaotrope such as urea or Ihiocyaoate molecule is subjected to N-tcrminal protein sequencing. 

ioD), and KIN is collected. 10 This amino acid scquciKe is then used to identify tbe 

XTV Drug Screening captured molecule or to design degenerate oligomers for 

This invention is particularly useful for screening tbcra- cloning its gene from ao appropriate cDNA library, 

peuticcompouodsby using binding fragments of KIN ia any 1° altcroatc method, ctonoclonal aotibodies raised 

of a variety of drug screening techniques. The molecules to against KIN fragments are screened to identify those which 

be screened may be of extracellular, intracellular, biologic or inhibit the binding of labelled KIN. These monoclonal 

chemical origin. ITie peptide fragment employed in such a antibodies arc then used in affinity purification or expression 

Icslmay either be free in solution, affixed to a solid support, cloning of associated molecules. Other soluble binding 

borne on a cell surface or located intracellular! y. One may molecules arc identified in a similar manner. Labelled KIN 

measure, for example, the formation of complexes between is incubated with extracts or other appropriate materials 

KIN and the agent being tested. Alternatively, one can derived from rheumatoid synovium. After incubation, KIN 

examine the diminution in complex formation between KIN ^ complexes (which arc larger than the lone KIN fragment) are 

and a receptor caused by the agent being tested. identified by a sizing technique such as size exclusion 

Methods of screening for drugs or any other agents which chromatography or density gradient ccntrifugation and arc 

can affect signal transduction comprise contacting such an purified by methods known in the art. The soluble binding 

agent with KIN fragment and assaying for the presence of a protcin(s) arc subjected to N-ierminal sequencing to obtain 

complex between the agent and the KIN fragment. In such 25 information sufiBcicnl for database identification, if the 

assays, the KIN fragment is typically labelled. After suitable soluble protein is known, or for cloning, if the soluble 

incubation, free KIN fragment is separated from that present protein is unknown, 

in bound form, and the amount of free or uncomplexcd label XVI Use and Administration of Antibodies or Other Inhibi- 

is a measure of the abifity of the particular agent to bind to tory Molecules 

30 Antibodies, inhibitors, receptors or anUgonists of KIN 

Another lechmquc for drug screening provides high fragments (or other treatments lo limit signal transduction, 

throughput screening for compounds having suitable bind- iVl), can provide different effects when administered thcra- 

ing affinity to the KIN polypeptides and is described in detail pcuUcaUy. TSTs wiU be formulated in a nontoxic, inert, 

in European Patent Application 84/03564, published on Sep. pharmaccutically acceptable aqueous carrier medium pref- 

13, 1984, incorporated herein by reference. Briefly stated, 35 erably at a pH of about 5 to 8, more preferably 6 lo 8, 

large numbers of different small peptide test compounds are although the pH may vary according to the charade ri.siKs of 

synthesized on a solid substrate, such as plastic pins or some the antibody, inhibitor, or antagonist being formulated and 

other surface. The peptide lest compounds are reacted with the condition tn be treated. Characteristics of TS'ft include 

KiN fragment and washed. Bound KIN fragment is then sohibilily of the molecule, half-life and antigenicity/ 

delected by methods well known in the art. Purified KIN can immunogenicily; these and other characteristics may aid in 

also be coated directly onto plates for use in the aforcmcn- *° defining an effective carrier. Native human proteins arc 

Honed drug screening techniques. In addition, non- preferred as TSTs, but organic or synthetic molecules result - 

oeutralizmg antibodies can be used to capture the peptide ing from dmg screens may be equally effective io particular 

and unmobilizc it on the sohd support. situations. 

This invention also contemplates the use of competitive TSTs may be delivered by known routes of administration 

drug screening assay.s in which neutralizing antibodies 45 including but not limited to topical creams and gels; U-ans- 

capable of binding KIN specifically compete with a test mucosal spray and aerosol; u-ansdermal patch and bandage; 

compound for binding to KIN fragmenls. In this manner, the injectable, intravenous and lavage formulations; and orally 

antibodies can be used to delect the presence of any peptide administered liquids and pills particularly formulated lo 

which shares one or more antigenic determinants with KIN. resist stomach acid and enzymes. The particular 

XV Identification of Molecules Which Interact with KIN 50 formulation, exact dosage, and route of administration will 

The inventive purified KIN is a research tool for be determined by tbe attending physician and wUl vary 
identification, characterization and purification of according to each specific situation, 
interacting, signal transduction pathway proteins. Appropri- Such determinations arc made by considering multiple 
ate labels are incorporated into KIN by various methods variables such as ihe condition to be treated, the TST to be 
known in the art and KIN is used to capture .soluble or administered, and the pharmacokinetic profile of Ihe par- 
interact with membrane-bound molecules. A preferred ticular TST. Additional factors which may be taken into 
"^i^od involves labeling the primary amino groups in KIN account include disease state (e.g. severity) of the patient, 
with 1 Bolton-Hunier reagent (Bolton, A. E. and Hunter, age, weight, gender, diet, time and frequency of 
W. M. (1973) Biochcui J 133:529). This reagent has been administration, drug combination, reaction sensitivities, and 
used to label various molecules without concomitant loss of tolerancc/rcf^Hiusc lo therapy. Long acting TST formula- 
biological activity (Hebcn C. A. et al (1991) J Biol Chem ^ tions might be administered every 3 to 4 days, every week, 
266:18989-94; McColl S. et al (1993) J Immunol or once every two weeks depending on half -life and dear- 
1 50:4550-4555). Membrane -bound molecules are incubated aoce rate of tbe particular TST 

with the labelled KIN molecules, washed to removed Normal dosage amounts may vary from 0.1 to 100,000 

unbound molecules, and the KIN complex is quantified. micrograms, up to a total dose of about 1 g, depending upon 

Data obtained using different concentrations of KIN arc used 6S ifac route of administration. Guidance as to particular dos- 

to calculate values for the number, affinity, and association ages and methods of delivery is provided in the liieranire. 

of KIN wid) Ihe signal iransduction complex. See U^. Pat. No. 4,657,760; 5.206344; or 5.225,212. Those 
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skilled iu I be art will employ diffcrcot formulations for 
different TSTs. Administration lo cells such as nerve cells 
necessitates delivery io a manocr different from that to other 
cells such as vascular endothelial cells. 

It is contemplated that disordeis or diseases which trigger 
defensive signal transduciioo may precipitate damage that is 
Uealablc with TSTs. These disorders or diseases may be 
specifically diagnosed by the tests discassed above, and such 
testing should be performed in cases where physiologic or 
patbologic problems are suspected to be associated with 
abnormal signal transduaion. 

All pubhcations and patents mentioned in the above 
specification are herein incorporated by reference. Various 
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rTMidificalions and variations of Ihc described method and 
system of the invention will be apparent to those skilled in 
the art without departing from the scope and spirit of the 
ioventioa Although the invention has been described in 
connection with specific preferred embodiments, it should 
be understood that the invention as claimed should not be 
unduly limited to such specific cmbodiroenU. [ndecd, van- 
(luN niodificatioDS of the above -described modes for carrying 
out the invention which arc obvious to those skilled in the 
field of nKlecular biology or related fields are intended to be 
within the scope of the following claims. 



( 1 > CetERAL INFORMXnON: 

( 1 i i ) KUVfBEB OF SBQfUENCES: 45 

( 2 ) INFORMATION R^H SEQ ID NO: I: 

( i ) SEQUENCE CHARACTERISTICS; 

< A ) LENGTH: 526 bw piiit 



TABLE 1 



rinne 


I ibrary 


Genfiank/SwissProt Identifier^ Name 


297 


U937 


P00540 Mouse protooncoge&e ser/ihr ktnasa 


1622 


U937 


HUMCLK3B cUt3 geoe pimtua 


10007 


TOP-1 Phorlwl 1J*S 


H5FLKJ pioieiB kinase 


32702 


THP-: Phortol LPS 


RATSGPK serAhr kioase 


23789 


InfUmed Adenoid 


CHICFRNK chicken tyr kinase 


35652 


HUVEC 


1CEIC5 Chicken Y kiaase receptor 


35855 


HUVtC 


HUMANifJ'K37 tyr kinase 


40194 


T + B Lymph obUit 


KRBl VARY \^nol8 virus proteio kinase 


42170 


T + B Lympboblast 


HSU09564 serine kinase 


46U»1 


Corneal Strocit 


YSCKINI yeast protein kinase 


46651 


Coroea) Stroma 


CD1C4, P11802 


53840 


Fibroblast 


HSDAPK, Death -associated protein kinase 


54065 


Hbfoblasi 


SCPROKtN 1 yeast 35.6 kD 


56494 


Fibroblast 


KLMC RAT, myosiB li^t chain kinase 


53029 


Slceletal Muscle 


(OTiCTRIA 1 A. ThaUana Y kinase receptor 


64663 


riacenui 


KIN3 Yeast protein kinase 1*22209 


67967 


HUVEC Sheei Stress 


YAKl Yeast proteio kinase 


6S965 


HUVEC Shcei Stress 


KAIX Human Y kinase 


71904 


Ptacesta 


KIN3 P22209SwP 


75289 


THP-1 Pborbo! 


H3U08023 Aviao retro virus Tpl30 


81B65 


Rheumatoid SyDoviun 


SNFl Yeast C cataboHtc deiqircssing 


82056 


HUVEC Sheer Stress 


P34314 C. eUgons serAhi kinase 


108485 


AML Blast 


KAPA Pig cAMP-dependeot protein kinase 


114973 


Teslis 


CC2B ARATH Mouse -car cess edc 


118591 


SielcUl Muscle 


PB0192 mixed lineage kinase 1 


119819 


Skeleul Muscle 


H5U09564 ser kinase 


12U376 


Skclcul Muicie 


L01064 Y kinase 


132750 


Bone Marrow 


MLIC2 mixed lineage kinase 2 


140052 


T Lymphocyte 


G-prolein coupled receptor kinase 


146392 


T Lymphocyte 


SCYAKl Yeast Yak! kinase 


156108 


-THP.] Phortol LPS 


t'Q1064 Dictyostelium Y kinase 


173627 


Booe Manow 


MMU:4166Kiz 


181971 


PlaceoUi 


HUMTKR Y kinase receptor 


182538 


Placenta 


HSNEK2R kinase 


184416* 


Cardiac Muscle 


KFKS Human prolo-oncogcnc Scr/Tbr kinase 


mm 


Rh.cumwcid Synovium 


RATRCiPK Ser/Thr kinase 


192268 


Rheumatcid Synovium 


ATHAPKIA Ser/Thr kinase 


214915 


Stomach , 


XLMPK2K Map kinase 


223163 


PBQcrcat 


receptor acr/tbr kinase 


237002 


, Small [ntcsiioc 


PI 6227 Mouse Y kinase bik 


239990 


Hi;^x>campus 


SHC Human tiaiuforaiiag protein 


240142 


Hippocampus 


HSNEK2R 


275781 


Testes 


BOVCKIA casein kinase 


285465 


Eosinophils 


DDIMLCK myosin light chain kinase 



SEQUENCE UmSC 
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( B )TYPE:iiudck»cict 
( C ) STHANDEDNESS: 
( D ) TOPOLOGY; liBMi 

( I I ) MOLEOJlf TrFE: cDNA 

( y 1 1 ) IMMEDtATE SOURCE: 

( A )UBRAKy: US»7 
C B )ClJONE:297 

( « i ) SEQUENCE DESCRIPTIOK: SBQ ID SO.lt 

ACAAGGCTTO TAATTAAAGG CGATTTTCAA ACAATTAAAA TCTCTGATCT ACCACTCTCT 60 

CTACCACT.GC ATGAAAATAT CACTGTCACT GACCCTGAGG CTTCTTACAT TCGCACAGAC 120 

CCATGCAAAC CCAAAGAAGC TGTGGACCAC AATGGTCTTA TTACTOCAAG CCAGACATAT 180 

TTCCCTTTCG CTTACTTTGT CCCAAATOAT OACTTTATCO ATTCCaCACA TTAATCTTTC 240 

AAATCATGAT GATGATGAAG TAAAAACTTT TTGATGAAAA GTAATTTTOA TOTTOAAGCA 300 

TTaCTATGCA ACCCCTTTGG ACCTAACGCC ACCCTATTTT AATATTGGAG GACCTTGGTG 360 

AATCATACCC AUOAAGGTAA TTTCACCTCT TCTCTCATLA C L' L" T T A I f U A A (J C C C C C A A « 120 

CACCCTTCTT GTGACAATTT I a <i(n I A C CAfi TTIICTT r GOfiCCAACTT AACTAAACTT i80 

OTTCGAAAAA CTTTTTTCCA AAAATTTCCA TAGGCCTCCC AAGTTT $26 



( 2 ) [NFOPMATION FOJl SBQ a> NOi2: 

( i ) SEQUENCE CHARACTHliynCS: 
( A ) LCNCni: 378 bate pain 
( B )TYPE: oodcic »dJ 
( C ) STRANDEDNESS: sLoKle 
C D ) TOPOLOGY: linear 

{ t i ) MOLECULE ryPE: cDNA 

( V i i ) IMMEDIATE SOURCE: 

C A ) UBRARY: U937 

( 1 i ) SEOUENCE DGSCttlPTION: SEQ ID NO:3: 



A CA AC ACCaC 


ATCCCAGTGG 


CTGACTTTGG 


C AGTGC CA C A 


TTTGACCATC 


ACCACCACAC 


6 0 


CACCATTGTC 


CCCACCCGTC 


ACTATCCCCC 


CCTGACGTGA 


TCCTTCAGCT 


GCGCTCCGCA 


1 2 0 


C AGCCTGCTG 


ACOTCTOCCC 


ATTCCCTG CA 


TTCTCTTTOA 


GTACTACCGG 


GOCTTCACAC 


1 8 0 


T CTTCCAGaC 


CCA CGAAAAC 


CGaCAOCACC 


TCOTGATOAT 


GGAGAAGATC 


CTACGGCCCA 


2 4 0 


TCCCA TCACA 


CATOATCCAC 


CGTACC AGGA 


AGCAGA AT AT 


TTCTACAAAG 


GCGCCCTACT 


3 0 0 


TTGGOATGGA 


CAOCTCTTAC 


GGCCGCT ATG 


T AAGGGACrc 


A A ACCT IT A A 


0 r. T T C A T 0 T r 


3 ft 0 


C AAOCTTCCT 


CGC AAGTC 
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( 2 ) INFORMAnON FOR SEg ID N0:3: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 326 Imm p^in 
{ B ) TTPE: KDdcic tcid 
( C ) STOANDEDNESS: ftbgk 
( D ) IXJIULtXjY: Ibxat 

( 1 i > MOLECULE TYPE: cDNA 

( V i ) ) IMMEDIATE SOURCE: 

< A ) UBRaRY: TKP-1 Rnibal Lf^ 
( B ) CLONE: 10007 

( t 1 ) SEOUEJiCE DESCRIPTION: SEO ID Nfhl: 

GCGCTGGCAG CCCCGTTCGA CCCTCCCGAC CAGAGGAAGA AGACCATCTT CCCACCCCCA 60 
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ACTATCTCGC TCCAOAAOTC CTGCTGAOAC AGGCCCACCO CCCTGAGGCG CATCTaTOOT 120 

CACTGGCCTG TGTCATCTAC ACGCTOCTCT GCCGCaCCCT CCCTTTCACA CGGCTGACCT itO 

CAAOCaCACG TACCGCTGCA TCAAGAAOCT TCaCTACAAC CCTOCCTGCC ACCTCTTAAT 240 

CCCTGCCCGA CTCCTTOOCC GCAATCCTTC COGCCTTAAC CCGAGAACCG CCCCTCTATT JOO 

GACAGaTCCTTGCGGCAAITAACTTT J26 



( 2 } INFORMATION FOA ^ ID NO:4: 

( t > SEQUENCE CKARACITRISTICS: 
< A > LC^KTTH; 257 t»K pait» 
( B ) TYPE: «udck mM 
( C ) STRANDEDNESS: ttDfle 
( D ) TOPOLOGY Ibieir 

( i i ) MOLECULE TYPE cDNA 

( V ) i ) EMMEOIATE SOURCE- 

( A ) UBRARY: THP-l PboiW LPS 
( B ) CLONE 12702 



Cxi) SEQUENCE DESCRIFnON: SEQ lU Nt>4: 



trCGC AA G AC A 


i:C TCCTGC AC 


GCCCTC CTC A 


G A A G G A C A G G 


CAAAGCCCTG 


CG C CAACG AT 


6 0 


OACTTCATGG 


ACATTAACAC 


TCATGTTTCT 


TCTCC T TA AT 


TAACTGOGAT 


GATCTCATTA 


1 2 0 


AT A ACA ACA T 


TACTCCC CCT 


TTTACCCAAA 


TGT CAGTGOG 


CC CA A CGC C T 


ACCOACTT TC 


1 8 0 


CCCCOAGTTT 


ACGAA GAOCC 


TTCCCC AAT C 


CATTGOAAGT 


CCCCTG AAAG 


CTCCTATACa 


2 4 0 


A G T r A C. T r A A 


OG AAC TT 
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( 2 ) INFORMAnON FOB SEO ID NO:S: 

. ( i ) SEQUENCE CI lARACIERlSnCS: 
( A ) LENGTH: 252 btnc |»in 
( B ) TYPE: Bodcic sdd 
( C ) STRANDEDNESS: tmf^t. 
{ D ) TOPOLOGY: linear 

( i i > MOLECULE TYPE: cDNA 

( « i i ) IMMEIXArE SOURCE: 

( A ) UBRARY: Isltanicd Adcaoid 
( B ) CLONE: 23789 



(It) SEQUENCE DESCRimON: SEO D K0:5: 



CTC AAGAATC 


TGGGOCTGAC 


CCT CCCAACT 


CATCGCC ACC 


GTGCATCATC 


TCCTG CCTTC 


6 0 


CTTCCCCTCA 


TCTCACGCAC 


aoaoatcoao 


OOCACCC AC A 


AACTGCTCAA 


CA AAGACCTC 


1 2 0 


OCAGAGCTCA 


TC AACAAGAT 


CCGCTGGCGC 


A AO A AC GCCrT 


OACCTCCCTG 


TACGAGT AAC 


1 8 0 


AOGCAGATCT 


GACGGTTCAC 


AACCCTGCCT 


CTGACGCAAG 


AACCTCTTAC 


GT CTGCCAGG 


3 4 0 


CCCAAACTTC 


TC 
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( 2 ) INFORMATION FOR SEO ID N0:6: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 255 baat 
( B ) tTrfK- midek »c\A 
( C ) 7TRAKDEDNES5: (isjl* 
( D > TOPOLOGY: Uscu 

( i i ) MOLECULE TYPE: cDNA 

( V 1 I ) IMMEOUTC SOURCE: 

( A ) UBRARY: Kdvcc 
C B ) CLONE; 55652 



( I i ) SEQUENCT DESCRimON: SEO ID NO:6; 
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CaAAaTCOTO CCCCCCaCAA TCGCCCCCCC TCAACCCTCT CCTOOACCAG COOCAOCTCA 60 

CTACTCACCT TTTOOCCTGT OOGCOACTOG CTTCGOGCCA TCAAAATGGO AACATACCAA 130 

OAAACTTTCG CAGCCCCTGC CTTTOGCTCC TTCACCTGCT CACCCaGATC TCTGCTGACC 180 

ACCTGCTCCC AATCGACTCA CTCTOCCCCC ACACCAGAAC AAAATTTCCC CACTTCCACC 240 

ACATCAGTCC CAGOT 255 

( 2 ) INPORMAnON FOR SEQ ID HO?: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 238 Uje pain 
( B } TYPE; nuddc kU 
( C )mANDEONESS: siDffle 
( D ) TOPOLOGY: Vtatm 

( i i ) MOLECULE TYPEi cDNA 

( V i i ) [MMEDtATE SOUKCC: 

( A ) UBEIARY: Huvcc 
< B ) CLONE* 3S8S5 

( X i )SEOl/ENrE DRNfrMIPIIOM: SEO ID NO:7: 

OAATACCCCA TaTACATAGT OACTCATATA TAACCAATOG CTOCTTOCTO AATACCTGaG 60 

CAGTCACOOA AAAOGCTTAA CCTTCCCACT CTTACAAATG TGCTACGATG TCTGTAAGGC 120 

ATGGCCTTCT TGGaCaGTCA CCAATTCATA CACCCGGCTT GGCTGCTCGT AACTGCTTCG 180 

TGGACACAGA TCTCTOTCTC AAAGTTCTCC ATTTCCATCA CAAGGTATGT TCTTGATG 2>£ 

( 2 ) IKFORMAnON FOR SEQ ID NO-A 

( i ) SEQUENCE Ct I A RACI'KKlS'nLS: 
( A ) LENGTH: 2&1 b»«e ptin 
C B ) TVPE suclcic Add 
( C ) SniANDEDNESS: »bflc 
( D ) TOPOLOGY: 

( i 1 ) MOLECULE TYJE cDNA 

( V i i ) IMMEDIATE SOURCE; 

{ A ) UBRARY: T^B LjtBidttblut 
( B ) CLONE 40m 

C « i ) SEOUE>CE C5ESCRI7TION: SEO ID NO:8: 

AAACAACIKi ATTATTTACC AATTCCTCTC TTTTATCGAT CTCCTCTCAC TGAATTCAAG 60 

CCaAGaAGTT ACAGATTTAT CCTAATCGAA AGACTACOAA TAGATTTACA OAAOATCTCA 120 

GGCCACAATO GTACCTTTAA AAAGTCAACT GTCCTGCAAT TAGGATCCGA ATGTTGGaTG IHO 

TACTGGAATA TATACATGAA AATOAATATC TTCATGGTCA TATAAAACCA CCAAATCTAC 2<0 

TTTTGGGTTA CAAAAATCCT T 26 1 

( 2 ) IKFORMARON FOR SEQ id KO:9i 

( i ) SEQUENCE CHARAa*HHLS-nCS: 
( A ) LENGTH: 342 taac put* 
( B ) TYPE audeU acid 
{ C ) STRANDEDKESS: dn^c 
C D ) TOPOLOGY: liaor 

( 1 i )MOLECUL£TYPE:cDNA 

( V t i ) IMMEDIATE SOUBCE- 

( A ) UBRARY: T*B Lyn^bbst 
( 8 } CLONE) 42170 



( Ji I ) SEQUENCE OESCRimON: SEO lU NO:9: 
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TAACAA ACCT" 


CAAOATCGAC 


CCACTGCTCA 


ACAATGTCTA 


AACCACCCCT 


CCTTGACACA 


6 0 


CAGC AGTATT 


C A AGAGCCTT 


CTT TCAGCAT 


OCA AAAGGCA 


CT AGAAGA AC 


CA A ATCCCCT 


1 3 0 


CCAAGA AGCT 


CATTCTGTGC 


CTGAA ATTAA 


TTCCGATACC 


CACA AATCAG 


A A A CCGAGC A 


1 8 0 


ATCCATTGTA 


ACCGAAGAGT 


T AATTGTAGT 


T ACTTC AT AT 


ACTCTAOCGC 


AATGCAGACA 


2 i 0 


GT 
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( 2 ) [MVFMAnON FOR SEQ ID NOilCh 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENCTTH: 222 bsK piin 
( B ) TYPE: midclc idd 
( C ) STUAKDEDNESS: »iiisle 
( D ) TOPOLOGY; linear 

( I i ) MOLECULE TYPE cDNA 

< « i i ) IMMEDIATE SOURCE: 

( A ) LIDRARY: Coneal Scrom* 
( B ) CLONE: 46061 

{ X i ) SEQUENCE DESCIUFI KJN: SEQ ID NU:10. 



GC A AA CCACA 


CTCCCCCGAC 


CTCCTCCCTG 


CAGTC ATGGC 


ATTCCCTTTT 


CCAACACTCC 


6 0 


CCTTGCTCCA 


AACCCTCC AG 


AACCTGCCTA 


TCGACA AGTT 


CA ACTTOC TC 


T AAATAG ACT 


1 2 0 


^ AACTAAOAAC 


CACTCCCACT 


C AAC ATTT AG 


AT AT AACCCT 


GCCGTAGACT 


G TC CCGAAAA 


1 S 0 


TATTA AGTAC 


ATCTGTATCA 


AT AA A AT GC T 


A ATC ATCA AA 


TT 
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( 2 ) [NFORMATtON FOR SEO ID NOrll: 

( i ) SFOl/KNCE CHARACTRBL'nnrS: 
( A ) LENCTil: 225 b>tt pin 
( R ) TV PR.- luuJcic acid 
( C ) Vt HANDKIlNKSS: •injlr. 
( 0 ) TOPOLOGY: linear 

< i i ) MOLECULE TYPE: cDNA 

C V ) i ) IMMEDIATE SOURCE: 

( A ) UBkARY: ComcH Stroma 
{ B ) CLONE: 46651 

( X I ) SEQUENCE DESCRimON: SEQ ID NO: 1 1: 



ATCCTCCGCC 


AC TC AC A AGC 


CCGGCTGCCT 


GAGCGCCTC A 


CCACTCCTCA 


TCACCCAGAT 


6 0 


CCTGTGG CTT 


TCAGACACCT 


TCA CTTA AGA 


ACaTTTGCCA 


CTTCACTTAA 


ACCAGAAACC 


1 2 0 


TOTTTTOTOO 


CATCAO CAOA 


CCCTTTCTCA 


GOTAAOTTOT 


OCTTTOCTTT 


TAOCATACOT 


1 8 0 


GAOAAOTTOT 


TCCOCTCCAT 


TTTOTOOOAC 


CTC TTTCTT T 


CCTTO 
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< 2 ) INTOBMXnON POR SEQ © N0:l2: 

( i ) SnOUEKCE aiARACTERISrnCS; 

( A ) UNCTTK; 256 Uk pka 
( B ) TYPE: DBcIck acid 
( C ) STUANDEDNESS: >iqfle 
( D ) TOPOLOGY: IbMar 

( i i ) MOLECULE TYPE: cDNA 

( V i i ) IMMEDLO^ SOURCE- 

( A ) UBOAPY: nbroblui 
( B ) CLONE- 33840 

( « I ) SEQUENCE DESCRIPTTON: SEQ ID hO-.n-. 

CAGCGCCTTA CATCTCGCAC CCAACAACAG CCACCATCAA TCCATCACCA ACCTGCTTCA 60 



TCTAAATGCC CAOCCCAAAC TTTTCaCaCC TCTGCGAAAA CAGCTTTACA TTATGCAGCG 120 
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GCTCACOGCT OCCTTCAAOC TOTOCAGATT CTTGCCAACA CAAGaCCCCC ATAAACCTCA IBO 
AAOATTTCGA TGGGAATATA CCGCTCCTGC TTCCTCTACA AAATCGTCAC ACTCAGATCT 2*0 
GTCACTTTTCCTCGTC 2i6 

( 2 ) INPORMAnON FOR SEQ ID NO.U: 

t I ) SEOUQfCE CHARACFERIsnCS: 
( A ) LtlNC/m: ?40 b>ae pin 
( B ) TYPE: nudttc ftdd 
( C ) nVANDEDNESS: mm^ 
( D ) TOPOLOGY: I bear 

(11) MOLECULE TTFE: cDNA 

< ▼ i i ) [MMEDLATE SOURCE: 

C A ) UBRARY: Rbrobbst 
[ B ) CLONE: 54065 

{ 2 i ) SEQVB^CE DESCRimON: SEQ tD K0:L3: 

GTTOACATCT GOTCCCTGCG CATATGCCCA TCCAAATGAT TOAAGGCCAG CCTCATACCT 60 

CAATCAAAAC CCTTCACACC CTTGTACCTC ATTtiCCACCA ATGCCACCCC A((AACTTCAO 120 

AACCCACAGA ACCTGTCAOC TATCTTCCOC OACTTTCTGA ACCGCTGTCT CGAGATGGAT IXO 

OTOGAGAACA GAGCTTCAOC TAAAGACCTC CTACAGCATC AATTCCTCAA CATTGCCAAT 240 

( 2 ) IKFORMAnON FOB SEQ ID NO;14: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 193 bue ptln 
( B ) TYPE: Bodck icirt 
( C ) S-r»ANDEDNESS: lUflc 
( D ) TOPOLOGY: linew 

( I i )Mf>IXCULETVPE: cDNA 

( Y i i ) IMMEDIATE SOURCE 

( A ) LIBRARY: Fibrofalast 
( B ) CLONK: 564M 

< X i ) SEOUQ<ICE OeSCRIPnON: SEQ □> NO:H: 

AACAOTGAAG AGCTCCGAGa AATTATOGGT ACCCTGATAT GTGGCTCCTG AAATTTAOTT 60 

ATGATCCTAT AAGCATGGCA ACAGATATTC CAGCaTTGGA GTCTTAACAT ATCTCATCCT 120 

TACAGGAATA TCACCTTTTT ACGCAATGAT AAACAACAAA CATTCTTAAA CATCTCACAG 180 



1 9 i 



ATGATTTTAA CTTAT 

( 2 ) INKSRMAnON FOR SEQ ID NO:1S: 

( i ) SEQUENCE CHARACreBISnCS: 
( A ) LENGTH: 307 biK pain 
( B ) TYPE: audck «dt] 
( C ) STRANDEDNESS: i^t 
( D )7X>P0L0CY llneir 

( i i ) MOLECULE TYPE: cDNA 

{ V i i ) IMMEDIATE SOURCE 

( A ) UDRARY: Skeletal Mu:k 
( B ) CLONE- S80» 

( t i ) SEQUENCE OESCttlFTlUN: SEQ m NO 15: 

CGAGTGTTTA TCOAGCCAAA TGCATATCAC ACGACAAOOA OOTGOCTCTA AAOaAOCTCC 60 

TCAAAATaGA GAAACAGCCa GAAATaCTCA GTGTCCTCAO TCACACAAAC ATCaTCCACT 120 

TTTATGGAGT AATTTTGAAL CTCCCAACTA TCGCATTGTC ACAGAATATG CTTCTVGCCT IBO 
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6 0 

1 : 0 

I 8 0 

t e 4 



cactctatca TTACATTAAC actacaa 

( 3 ) INIORMAnON P011 SfXl ID NO:16: 

( i ) SEQUENCE CHARACreWSnCS: 
( A ) LENGTH: 1$4 fain 
( B ) TYPE BQcIek idd 
( C ) SniAKDEONESS: (ngle 
( D ) -TUFOLOGY: liscar 

( i i ) MOLKCULE-nrrE: cDNA 

( » i i ) CMMEDIATE SOURCE 

( A ) LiSaARY; Pl«cat> 
( B ) CLONE: 64663 

( X 1 ) SKQUENCS DESCRIPTION: SEQ ID NO: 16: 

CCCCCTCCTA AAACTTCOAO ATCTT0CGA7 TOOCCGTTTT AGCTCAAAAA CCACAOCTOC 

ACATTCTTTA GTTGGTACCC CTATTCATGT TCCACACCAT ACAGAAATCG ATACAACTTC 

AAATCTCATC TCCTCTCTTG CCTCTCTACT ATATGGATGC CTCCATTACA AAGTCCTTTC 

I A T C 

( 2 ) IKPORNUnOK FOR SEQ ID NO: 17: 

( i )SE0UENrHCHAHAC7rERISnCS; 

( A ) LENGTH: 20S lax pur« 
( B ) TYPE Kudek acid 
t C ) yniANDED>fESS: slsfle 
t D ) TOPOLOGY: Imwr 

( i i ) MOLECULE TYPE- cDNA 

( V i i ) IMMEDIATE SOURCE: 

( A ) i rnRAKY: HU VHC .*ecT Sbeu 
( B ) CLONK: 67W7 

( » i ) SEQUDfCE DESCaiPnON: SEQ ID N0:17; 

TOAATTGCTO AGCATAGACC TTTATCAGCT GaTTAAAAAA AATaAGTTTC AOOTTTTAGC 60 

CTCCaCTTGG TACOCAACTT TGCCCACTCC ATCTTGCAAT CTTTGGTCCC CTCCACAAAA 120 

TAAGaTTaTT CACTCCCATC TCAGCCACAA AACATTCTCC TCAAACACCA CGOGCOCaOT 180 

TCAACCAACG TCATTCACTT TCGOTT 206 

[ 2 ) INFOKMAnON FOR SEQ ID NO: IB: 

( i ) SEQUENCE CHARACIERISnCS: 
( A ) LENCTH: 2(6 buc pun 
( B ) rVPt Dtiddc »cu) 
( C ) STRANDEDNESS: ib^c 
( D ) TOPOLOGY; liaai 

( 1 f ) MOLECULE TYPE: cDNA 

( V i ) ) IMMEDIATE SOURCE: 

( A ) LIBRARY: HUVEC £bea Scress 
( B ) CLONE: 68963 

( X i ) SEQUENCE DESdUPTlON: SEQ tO N0:]8: 

CCGaAOTGCC CACTTTOGAO TCCTCACCTrt i; Ci i; A A C T C G A AGGCGCAGTA TCATGTTGCT 60 

CTTAAGAIfJA TCAACCACGG CTCCATCTCA CAACATCAAT TTTTCAOOAO OCCCAOACTA 120 

TATCaAACTC ACCCATCCCA AGCTOOTTAA ATTCTATGGA GTOTOTTAAA CGATTACCCC i»g 

ATATACATGT GACTAATATA TACCAATGCT TCCTTTTCTC AATTACCTCC GOAGTCACOG 240 

AAAAAGGACT TTTAACCCTT CCCGCTTC 268 
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( 2 ) IKFORMAnON FOR SBQ ID VO:l9: 

( 1 ) SE(n/EKC£ CHARACTERISTICS: 
( A ) LENGTH: 2?i tnc ptm 
( B )TY?£iBoclck kcU 
( C ) STRANDEDMSSS; tb^le 
C D )T0POLOCry:llitui 

( I I ) MOLECULE TYFE;cDNA 

( V i i ) LMMEDIAIE SOURCE: 

( A ) LIBKARYt FUonti 
( B )CLONE: 71904 

( I i ) SEQUENCE DESCRIPTION; SEO ID NO:19: 



CCTCGCCTCG TAAAACTTCC ACACTTGCCT 


TGGCCCGTTT 


TCCACCTC AA 


AAACCACAGC 


6 0 


TGCACATCCT TTACTTCCTA COCCTTATTA 


C ATOTTCCAC 


ACAGATACAT 


GAAAATOGAT 


1 2 0 


ACAACTCAAA CTGACATCTG GCCTTTGGCT 


GTT ACT ATAT 


CAATCCCTGC 


TTA CAA AGCC 


1 8 0 


TTCCTATOCT CACAAAATCA TTTTACTCAT 


TGTGTA AC AG 


ATAC 




2 2 4 


( 2 ) INFORMAnON FOR SBQ ID NO:20: 










( i ) SEQUENCE a tARACIlOllb-nCi: 
( A ) LENGTH: 195 bue pairs 
( B ) TYPE Buclck Kid 
{ C ) STRANDEDKESS: .ia^^Jc 
{ D > TOPOLOGY: lloeu 










( J i ) MOLECULE TYFl-j eJ3NA 










( V i i ) IMMEDIATE SOURCE: 

( A ) UBRARY: THP-1 Pbortrol 
( B ) CLONE: 73289 










( K i ) SKQUENCh OHSOUPnON: SBQ (D KO:2t>: 










CCGGflGAATC ACTCCCTATC CTGGCCTCCa 


CAACC ATGAO 


ATCTATGATA 


TCTT CTCCAT 


. « 0 


GOCCACAOOT TOAAOCAGCC COAAOACTGC 


C T G C T G A A C 1 


(it ATGAA ATA 


ATGTACTCTT 


1 } 0 


OCTGCACAAC CGATCrCTTA GACCCCCCCA 


CCTTTTCATA 


TTGAGGCTGC 


AOCT AGAA A A 


1 8 0 


actcttacaa agttt 








1 9 5 


{ ; ) INIOFMAnON TOR SEO ID NO:21: 










( ) ) SEQUENCE CHARACTERiynCS: 
( A ) LENGTH: 2t9\»Kpm 
( D ) TYPE: tuddc vcid 
( C ) STBANDEDNESS: tioffle 
( D ) TOPOLOGY Ibrai 










( 1 i ) MOLECULE TYPE: cDNA 










( V I 1 ) IMMEDLATE SOURCE; 

( A ) LmRARY: Rbcumtkikl SyaovlciD 
( B ) CLONE: 81865 










( > i ) SEQUENCE DESCRIPTIOK: 5£0 ID N0:31: 










CACACCAGAA CCACAAACAC GACOGGCOCC 


T AAG ATCOCC 


CACT ACATTC 


TGGTGA r ACG 


6 0 


CTOGOGGTCO UCACCTTCOC CAAAOTGAAG 


GTTOCCAAAC 


ATGATTCACT 


CCCATAAACT 


1 2 0 


AGCTGTAACA TACTCATCCA CACAACATTC 


GGACCCTTC A 


TCTGCTACC A 


AAA A TCCCAO 


1 a 0 


CAAATTCAGA ACCTCAACCT TTTCACCCAT 


C CTC AT AT A 






2 I 9 



( 2 ) INPORMAnON FOR SEQ ID NO:2r- 

( I ) SEQUENCE CHARACIBUSncS: 
C A ) LENGTH: 181 b*>c f»in 
( B ) TYPE: Bockic letd 
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{ C ) STRANDEDKESS: iliirfe 
( D ) TOrauXiY^ Itmr 

{ 1 1 ) MOLECULE TYPE eONA 

( V 1 ] ) IMMEDIATE SOURCE: 

( A ) UB&ARY: KUVEC Sbm Stress 
( D ) CLOKE: 62056 

( » I ) SEQUENCE DESCRimON: SEO © NO:22: 



CCACCAAAGA VCTCAAATAA AUTTCATGTG 


TGGTCCOTGG 


CTGTATCTCT 


ATCAGTOTCT 


6 0 


TTATGGAACG AAOCCTTTTC CCCATaACCA 


CTCTC AGCAA 


OACATCCTAC 


AAC AGA AT AC 


1 2 0 


CATTTTAAAG CTACTCAACT CCACTTCCCO 
0 


CCA AAGCCAO 


TAOTAACACC 


TGA AOCAAAC 


I 8 0 
1 8 1 


( 2 ) CNKJRMAIION FOR SEO ID }i0.7i: 










( i ) SEOinENCE CHARACTCRrSnCS: 
( A ) LENGTH: 2L8 b«K p»in 
( D ) TYPE: Bcddc acid 
( C ) yiTlANDEDWESS: sin<;lc 
( D ) TOPOLOGY llncv 










( i i ) MOLECULE rVTE cDNA 










( V i i ) IMMEDUTE SOURCE: 

( A ) UBRARY: AMI Blssl 
( B )CLONE: 108485 










( X ( ) SEQUENCE DESCRimON: SEO IDNO:23: 










TATGCTTATA T(r(iAAOAGAA TOTCACTCGT 


CCTCCGTTGG 


GOTATTTTTA 


TACCAAATGC 


6 0 


TTGTACGTGA TACACCTTTT TATCCAGATT 


CTTTCGT TGG 


AACTTACACT 


AAAATTATCA 


1 2 0 


ACCATAAAAA TTCACTTACC TTTCCTCATC 


ATAA I (iACAT 


ATCA AA AGA A 


GCAAA AAACC 


1 8 0 


TTATT.TCTGC CTTCCTTaCT OACAOOOAAG 


TGAGCTTA 






2 1 8 


( 2 ) INPORMAIKIN K>R SEQ ID NO;34: 










( i ) SEQUENCE CHARACreRISnCS: 
( A ) LENGTH: 264 taBC puri 
( B )TYrE:nudcic tdd 
( C > STRANDEDNESS: itnfle 
( D ) TOPOLOGY; liactf 










t i i )MOLECUUi TYPE: eDNA 










( V i i ) [MMEDI ATE SOURCE: 

( A ) LIBRARY: T«U. 
( B ) CLOKE: 11497) 










( » i ) SEQUENCE DESCRIPTION: SEO ID NO:24: 










GACGGTCOCC ATTTGACATG l(l<iAGCCTGC 


CTGCATCACC 


CTGGAGTTGT 


ACACOGGCTA 


6 0 


CCCCCTGTTC CCCGGCaGAA TGACCTGCAC 


C ACCTGGCCT 


GCATCATCGA 


CCTCCTCGCT 


1 2 0 


ctcccgccac CCCCCTTCAT TCAGACAGCC 


TCCAGCAGAC 


AOACATTCTT 


TOATT CCA A A 


1 8 C 


CGTTTTCCTA aaaatataac CACAACCAGG 


GGAAAAA AAC 


ATTCCAGATI* 


CCA AGGGCCC 


2 4 0 


TCACGGATT(i GTGCTCAAAA AACT 








2 6 4 



( 2 ) IKFOHMATION FOB SEQ ID N0:2S: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 236 base p«in 
( D )TYPZ;iu>ciclc»dd 
( C )5rRAND£DNESS: *tii{li 
( V )'IUPULUGY: Imcir 
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( i 1 ) MOLECUU TYPE: cOVA 

( V i 1 ) [MMEDtATE SOURCE: 

( A ) UBRARY: Skdtil M'Jidc 
( B )Ct/>NK; IliSW 

( X ( ) SEQUENCE DESCRlPnOK: SEO ID N0:2J: 

CACTOaOCAC ACTOAAACaT CATCCACTTT TATGGAGTAA TTCTTCAACC TCCCAACTAT 60 

CGCATTGTCA CACaATATGC TTCTCTCCCA TCACTCTATC ATTACATTAA CAGTAACACA 120 

AGTCAOGACA TCCATATCGT CACATTATGA CCTGCCCCAC TGATCTACCC AAAOGAATCC 160 

ATTATTTACA TaTOOGCCTC CTCTCAAOOT GATTCACAOA OACCTCAAOT CAACGA 236 

( 2 ) INPORMAnON FOR SEQ □> N0:2b: 

( I ) SEQUENCE CHARACTERICTICS: 
( A } LENCTN: 200 biK fain 
( B ) TYPE: mwfck odd 
( C ) STRANDEDNESS. ttafk 
( D ) TOPOLOGY: linear 

( i i )MOUjCULETVPE:cUNA 

( V i i ) IMMEDIATE SOURCE: 

( A ) UBRARY: SLdLiI Musdc 
{ B ) CLONE: 119819 

( X 1 )SEOUENCKDRSCRIPTiON:SEOIDNO:26: 

CCTGCaTCCC CTTCGaGCTG GCCACTCCTG ACTACCTGTT CGAGCCGCAT TCTGGACAAO 60 

ACTACaCTCG TGaTOAGGGT AAGGCCTGAG GGCTCTGGGC TCAGCCTCCC CCCCTCCCGG 120 

CCTGCCTCCC CCCAACCTCC TCTTTTCCCC ACAGACCACA TCGCTCACAT ACTCCACCTT 180 

CICGGCCACATCCCCCCAGC 200 

( 2 ) [N FORMATION POR SEQ CD NO: 27; 

( i ) SEQUENCE CHARACTER KSTirS: 
( A ) LKNCm: 317 tan pain 
( B ) TVTE: asdiic »dd 
{ C ) STRAKDEOKESS: »ia^c 
( D ) TOTOLOCY; liwu 

{ i i ) MOLECULE TYPE: cDNA 

( V i i ) EMMEOIATE SOURCE: 

( A > UBRARY: Skdctil Mdk1« 
( B ) CLONE: 120376 

( * i ) SEOUENCT DESCRimOW: SEQ ID NO: 2 7: 

CATTACAAGT AGCTTGCTTG TAGTGCAAAA AAACCaCACA TTAACCATTC CAAGCAOTTC 60 

ccccaCaagt tttgctcaac tttacatcag tttggcaacc tcatgccaao aaacooccat i:o 

CATTCAACCA AATCATTTCA ATCCTGOGTC CATCTCAAAT GACACGACCC TTCCTOCAAG 180 
TGTAaCTCAT TCCTACACAA CAACGCGGAC TCGACGT 217 

( 2 ) INFORMAnON FOR SEQ ID NOiZB: 

( i )SI;OUi:Nai aiARACTCRISnCS: 
( A ) LENGTH: 1S6 bate pain 
( & ) TYPE: atxick scid 
( C ) STRANDEUNKSS: tmgfc 
{ D ) TOPOLOGY: Ibcw 

( i i ) MOLECULE TYPE: eONA 

( V i i ) rMMEDtATE SOURCE: 

( A ) UBHAKY: Hme Mjjtow 
( B ) CLONE: 1J2750 
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( X i ) SEQUENCE DESCRimOH: SCO ID NO:38: 

CTAGATTTCA CTCTCTTOTT TTCTCTCCTa OTTCCCAAAC TCATOOAAOT CTGTTTTTAT 60 

CAATATOATO TAAACTCTOA AATATACACC TTTCGAATCO TCCTCTCGCA AATCCCCACT 120 

CGACATaTCC CGTTTCAAOG CTGTAATTCT CaGAAC lit 

( 2 ) IKPORMAnON FOR SEO ID NO:29: 

( i ) SEQUENCE CHARACraUSnCS: 
( A ) tEKCmi: 321 biK pain 
( B ) TYPE: nodcki »cid 
( C ) ffniANDEDNESS: tii^c 
( D > TOPOLOGY: Ibnj 

( t i )MOtECUl£TYFE:cDNA 

( * i i ) IMMEDIATE SOURCE 

( A ) LIBRARY: T Lytiifdwcyu 
( B ) CLONE: 140032 

( X i ) SEQUENCE DESCKIFI lUN: SKQ ID NO:29: 

rr.TAAATAAG GCCCTTCTCC ACTTOACTIC A ti (iC A <;<: A (t A TTCTCTACAA CCCTAAGCAC 60 

A(»CAATTTCT CTGACAACAC AAAGTACATA TTTTATACCA CGCCTTCGCA AACTACTCCC 120 

CACGCGCCCA ATTTCCCCCA GTCTCTTTTT GTATCGTGCA AACTAAAAAT GATTTTTACA 180 

TTTTTAAAGA CTTATAAAAC AAAAAAATaT GTCCTCTCTG AAAT 224 

( 2 ) D^RMATION FOR SEQ ID Na30: 

( } ) SEQUENCE CHARACTERiynCS: 
C A ) IfNGTH: 198 ta«e piln 
( H ) TYPE- Didcic »dd 
C C ) STHANDEDNESS: sinfle 
( D ) TOPOLOGY lnc<r 

{ i i ) MOLECULE TypE:cDN A 

( V i i ) rMMEDIATE SOURCE: 

( A ) UBRARY: T LyniFliocyle 
( B ) CLOKE: U6392 

( X \ ) SEOU^CE ECSCRIPTION: SEQ D NO-^. 

TTTTCTTTCT GTTTTTTTTT CTTCCAOTTT ATTTTAAATG CATATTTTAG TTGATTGCTT 60 

TTTTAAAAAC CCCCCTCTOG CCTCCTGATT CCACCTAGTG TCAGCAGTGG GATACCTGCG 120 

CTTOAAGCAC ATCATCCaTC GTGACATCAA GGATGAOAAC ATCGTCATCG CCGAGGACTT IRO 

CACAATCAAG CTOATAGT 198 

( 2 ) INFORMATION FOR SEQ ID NO: 31: 

( ! ) SEQUENCE CHARACTERISTICS: 
( A ) LEKCTU 310 ba» pan 
( B ) TYPE: nucleic add 
< C ) STRANDEDNESS: «tn^c 
( D ) TOPOLOGY low 

( i i ) MOLECULE TYPE: tDNA 

< V i i ) EMMEDLATE SOURCE: 

( A ) UBRARY: TKP-1 PUerbot LPS 
( B ) CLONE- 15€108 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

tgaaaactat gaacctggac aaaaatcaac gcccagtatc aaccacgata tatatagcta so 

TGCAGTTATC ACATCGCAAG TCTTaTCCAG AAAACACCCT TTTGAACATC TCACCAATCC 120 
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tttgcaoata atotataotg totcacaaoc acatccacct gttattaatc aacaaacttt teo 

OCCATATCAT ATACCTCACC GACCACCTAT 210 

( 3 ) IKFORMAnON FOR SH3 ID NO:32: 

( i ) SEQUENCE CHARACreWCTlCS: 
( A ) LENOm: 202 tMM pin 
( B ) TYPE: SBctcic tdd 
( C ) STRANDEDKESS: ibftc 
( O ) -|I>K)UX7h'. tisMT 

( i I ) MOLECULE TYPE: cDNA 

( « i i ) IMMEOUTE SOURCE: 

( A ) UBRARY: Bodc Muidw 
( B )C1X)NE: 17^7 

( X t ) SEQUENCE DBSCRIFTION: SEQ O) MO:32: 

ACAAGATCGC CGCCGGCTTC TTCTCTOAGG TCTACAAOOT TCGOCACCGA CACTCAOOGC 60 

AAGTATGGTG CTOAAOATOA ACAAOCTCCC CACTAACCOC GGCAACACAC TACGCOAAGT 120 

CCAOCTGATG AACCOOCTCA GOCACCCCAA CATCCTAACC TTCATCGGaC TCTGTGTCCA IBO 

CCaGOCaCAC CTGCACCCTC TT 202 

( 2 ) IhTORMAnON POR SEQ [D NO;33: 

( i ) SEQUENCE CHARACIERIS7TCS: 
( A ) LEKCrTH: 222 bus fnln 
( B ) TYPE: ouclelc «cid 
( C ) STUANDEDNESS: »i«gle 
( D ) TOPOLOGY: linai 

( i i ) MOUCULE TYRE: cDNA 

{ V i i )IMMKI1JAI>: SDI.HOj 

( A )tJKUAUY: Pl»rrnt» 
( B ) CLONE: 181971 

(Hi) SEQUENCE DESCRITnON: SEQ O N0-J3: 

CGTTTTTCGA GGGTTCACAC CTCTCCCTTT CAAATCCTCC CGCTTTCACA CACTCCTTCT 60 

CTCCTGCCAC CACCTTCTGG TCTCACCaCC ATTCCACCAT CTTGTCTCAG TAAGTATGGG 120 

AGACACTTTA GTATGGCTTT TTTCAGCTTa CCCTCCTGTT ATCACAGAGC AGTCTCTTTC 180 

ACTCTCAACC TTTCACTACT AGATGGTGGA CAAAGCCTCT TT 222 

{ 2 ) P^PORMaTION FOR SFQ TD UO-M: 

( i ) SEQUENCE CHARACTERISTICS: 
i A ) LENGTH: 192 ptin 
( B ) TYPE: Doclcic add 
( C ) STRANDEDNESS; lu^c 
( 0 ) TOPOLOGY^ Ibcu 

( I i ) MOLECUU TYPE: cDWA 

( V i i ) IMMEDIATE SOURCE 

( A ) UBRaRY: Placcnto 
( B ) CLONE- 182S38 

< « : ) SEQUENCE DESCRIPTION: SEQ ID N0.34: 

CTTOOGCTOa TAAAAC7TO0 AGATCTTOGG CTTGGCCCGT TTTTCAGCTC AAAAACCaCA 60 

OCTOCACATT CTTTAOTTCO TaCOCCTTAT TACATGTCTC CACAGaCAAT ACATGAAAAT 120 

COATACAACT TCAAATCTGA CATCTGGTCT CTTGGCTGTC TACTATATGA OATCGCTGCA 180 

TTACAAAGTC CT 19 2 
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( J ) IKFORMAHON TOR SEQ ID VOMi 

( 1 ) SEOUETCE CHARACremmCS: 
( A } LENOm: 152 tttte jabi 
( B )TY?EriDdelf icid 
( C ) STUANDEDNESS: tmg^c 
( D ) topology; Imt 

( I i ) MOLECULE TYPE: cDNA 

( V i i > [MMEMATE SOURCK: 

( A } UHKARY: Cardiic Mtude 
( B ) CLONE: lftU16 

( « i ) SEOUEK<X DESCRlFnON: SEQ ID NO:35: 



CTATOOAAGO CCCCTOOCaC COCAATCACA 


TTGTCGTCAA 


ggtgctcaac 


GTTCG AGACT 


6 0 


CCAGTACAAG GAACAGCAGC GACTTCAATG 


A AGACTGTCC 


CCCCCTCACG 


ATTTTTCCCA 


1 2 0 


TCCAAATGTG CTCCCACTCC TACCTCCCTG 


cc 






1 5 2 


t \ TVurtD ki vrroM ddd ccn in wn-M. 

y A / rvKJvlAJ LUJ^ ^tSJ lU rfUIJOI 










\ 1 J au^UU-uVU^ (-HAKAL luUa 1 iLo: 
( A ) l£NCTH: 153 him pain 
( a } lirL. nadcK Md 
( C ) SfHANDEDNESS; I'mjtlc 
( D ) TOPOLOGY: llacir 










( i i ) MOLECULE TYPE: cDNA 










( V 1 i ) IMMEDIATE SOURCE: 

( A ) UDRARY: Rhramatakl Synovkux 
f B ) CLONE: 19l28i 










(XI) SEQUENOE DESCRIPTION: SFIJ m NO:36; 










CAACTACACT CAACCTAAAA TGCCTCTAAT 


ACCTTTCCAA 


TTATCT 1 1 AA 


CACCATATCT 


6 0 


TATGAGTGAA ATTAACTTCT GCAACTACTT 


TCCTATTCAC 


TTTTTTACAC 


AG ACTT A AA A 


1 2 0 


CCAOAGAATA TTTCTAGATT CACACOGACA 


CT 






1 5 2 


( 2 ) [VFORMAnON FOR SEQ ID K0:}7: 










( i )SEQUEKa- aiARACrewsncs: 

( A > LENGTH: 199 base palis 
( B ) TYPE- Dudek scid 
( C ) b'lUANOEDKESS: 
( D > TOPOLOGY: luKir 










( i i ) MOLECULE TYPE: cDNA 










( V i i ) IMMEDIATE SOURCE: 

( A > LIBRARY: Rhcunstoid Syaorinm 
( B ) CLONE: 192268 










C n I ) SEQUENCE DeSCWPTIO>-: SEO ID NO:37; 










actccactcc AGTAAGCAOa OCTTCCTCAC 


cgaootggag 


C AGCTGTCCA 


CGTT TCGTCA 


6 0 


CCCAAACaTT CTCGACTTTC TGGCTACTGT 


GCTCACAACG 


OCTTCT ACTG 


CCTCGTCTAC 


I 2 0 


GCCTTCCTGC CCAACGGCTC CCTGCAGCAC 


CCTTCCACTG 


CCACACCCAC 


CCCTCCCCAC 


I e 0 


CTCTCTCCTC GCCTCACCG 








1 9 9 



( 2 ) INFORMAHOI FOR SEQ ID NO:M: 

( t ) SEOUEVCE CHARACTERKTICS: 
( A ) LEKCTH: 189 t»M p.bs 
( B ) TYPE: aidek tcid 
( C ) STRAVDEDNESS: tin^t 
( D ) TOPOLOGY: lloeu 



< i i ) MOLECULE TYPE cDNA 



51 



5,817,479 

-coQtLnucd 



52 



( V I i ) IMMEDUO^ SOURCE: 

( A ) LIBRARY: Stonncb 
( B ) CLONE: 214915 

( I i ) SEQUENCK DRSCaimON: SBQ ID nChiS: 



AOAACATCCA GTACCTCCTG TATCAATCCT 


C AAAGCCCTT 


A AGT ACATCC 


ACTCTCTGCG 


6 0 


GTCCTCCACA GCGACCTGAA gccacccaac 




A lAUUA^ Ju i 


AAU 1 uAAUA 1 




TCTGGATTTT CCCCTCCCCC CACATGCAGA 


CGCCGACATO 


ACTOOCTACG 


TOCTOACCCO 


1 8 0 


CTCGTACCT 








1 8 9 


( 2 > INPORMAnON FOR SEO ID K0:»: 










< 1 ) SEOUEMCE CHARACreHtSnCS: 
( A ) LENGTH: Iff? bwe p.ln 
( a )TYre: nucleic tcid 

( D )TOFOL0GY: tiacu' 










( i i ) MOLECL'LE TYfE: cDNA 










( y i i ) IMMEDIATE SOURCE: 

( A ) MBRARY: Puocu 
( B > CLONE; 223163 










( « i ) SKOUENCE DESCRIPTION: SEO ID NO:3?: 










CTTGCTCTTC TCACAGCATC ACACTTATTA 


T AAGC A A AT C 


CTA CCTaCAC 


CCTTTTAACT 


6 0 


CTAATCGCAA TAACTTGCAA CTAAAACACC 


CAACTTCCAC 


ACC AAA AT TA 


TCAA ATGTTG 


J 2 0 


TGGATTTTCT CTCCCTCTTA ATGGATGTGO 


TAC AATC AGA 


AACGTAG 




1 6 7 


( 2 ) IKPORMAnON FOR SEQ ID N(}:40: 










( I ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 197 Ibk puts 
( B )TYFE:Btideic.cid 
( C ) STRANDEDNESS: ta^t 
( D )T0FOL0CYUnni 










< i i ) MOLECULE TYTE: cDNA 










( r i I ) IMMEOIAIE SOURCE: 

( A ) UBRARY: SnuO Irneabt 
C B ) CLONE: 237002 










< » i ) SEOUENCE DESORimON: SEO ID NOtift 










CCCAAACCTG CCCAOCCAGC CCTCAAAaTG 


CA AGTTTTCT 


ACGATT7 TGA 


ACCTAGGAAC 


S 0 


CCACGGGAAC TOACTCTGGT CCACCGACAC 


AAGCTCGACC 


TTTGC ACCAC 


ACCAAGCCGT 


1 2 0 


CCTGGCTGGT CAAGAATAOC CCGCACCGAG 


CGGCTACATT 


CC A AGCA AC A 


T CTOOOCCCC 


1 S 0 


TACAGCCGGC OACCCCG 








I 9 7 



< 2 ) INFORMATION FOR SBQ ID NO:41: 

( : ) SEQUENCE CHARACTERISTICS: 
C A ) LENGTH: 207 baie pain 
I B ) TYPE- Biiclcic (dd 
( C ) S'lHANDKUNRSS: .ingle 
( D ) TOfOLOGlft lM)t*i 

( i i ) MOLECULE TYPE; cDNA 

( V i 1 } IMMEDIATE SOURCE: 

( A ) UBRARY: Kipponaipu 
( B ) CIXJNE: 239990 



( X I ) SEQUENCE DESCRIFIIUN: SEQ ID NO:4t: 
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CCAAGATCCT CGACGAACTC AACCCCAOAC TTOTACCAAO OAOAOATOAO CaCCAACGaO 60 

CCACAOGOCT CTOAOAAAOA COCGACTTCC TGGTCAGOAA GAOCACCACC AACCCOCCCT 120 

CCTTTTCCTC ACGCCCATGC ACAATGOCCa CCCAACCACC TGCTGCTCTT CCACCCACaA 180 

CGCACGTCCC CACAAACCCA CACTCTT 207 

( 2 ) DfFORMAinON FOR SBO ID NO:42: 

( i ) SEOUENCK CHAKACIOISnCS: 
( A ) LENCm- 1$»5 hue pain 
( B ) TYPE: D-dde *cid 
( C ) HANDEDNESS: tbglc 
( D>TOPOLOCYiliiwr 

( I i ) MOLECULE TTPE: cDNA 

( V 1 I ) IMMEDIATE SGUKCE: 

( A ) UBRARY: Hippocaspus 
( B ) CLONE: 240142 

{ X I ) SEQUENCE DKSCRIFnON: SEQ ID HO:42: 

GTCACCCCAC ACGATCCATC ACAACCCCTA CAACTTCAAC TCCCACATCT OOTCCTTGCG 60 

CTCTCiGCTG TACCACATGG CAtiCCCTCCA CAGCCCCTTC; TATCCAGaTA AGATGAATCT 120 

TTCTCCCTGT GCCAGAAOAT CGACiCACTCT CACTACCCCC CaCTCCCCCG GCAOCACTAC ISO 

TCCCAGAAGT TACCT 

( 2 ) INPORMAnON FOR SEQ ID NO:«: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 213 W« pin 
( B ) TYPE: naclcic »dd 
( C ) STRANr)^BNESS: 
( I> ) TOPOLOGY linctf 

( i i ) MOLECULE TY?E; cDNA 

( V 1 i ) IMMEDIATE SOURCE: 

( A ) UBRARY: Jctia 
( D ) CLONE: 275781 

( 1 I ) SEQUENCE DESCRIPTION: SEQ 10 WMV 

CICGTCTATT CGGCACGACT TTCaTTGTCG AACCAAATAT AAACTOTCTG OAAOATCTOG 60 

TCTACCTCCT TCCAOACATC TTTGGCGATC AGCATCACCA ACGGTAAGAA CTGTAOTAAC 120 

CCAGATCTCA GGGCCAGGCA TCCCCAGTTG CTCTACAACA CCACGCTTTC AACATGCTTC 180 

AAGCTCCCTC TCCATCAATA TGCTACACAT TTG 213 

( 2 ) INFORMAnON FOR SEQ ID NO:*4: 

( i ) SEQUENCE CHARACl>ltlS-nCS: 
( A ) LENOIH; 425 bMC j»\n 
( B ) TYPE: Boclek acid 
( C ) STRaKDEONESS: tia^lc 
( D ) TOPOLOGY: Uocm 

( t 1 )MOLECUUTYPE:cDNA 

( » i i ) IMMEDIATE SOURCE: 

( A ) UBRARY: EeuMfMj 
( B ) CLONE: 28S46S 

f » i ) SEQUENCE DESCRirnON: SEQ ID NO:«: 

AAATaCTTCA AGGAGTTTAT TATCTACATC AGAATAACAT TGTACACCTT OATTTaAAOC 60 

CACAGAATAT ATTACTCAGC ACCATATACC CTCTCOGOOA CATTAAAATA CTAOATTTTG 120 

GAATGTCTCC AAAAATAGGG CATGCGTCTC AACTTCCCCA AATCATCCGA ACACCACAAT IBO 



55 
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ATTVACCTCC AOAAATCCTG AACTATCATC CCATTACCAC AOCAACACAT ATCTOOAATa 240 

TTCCTATAAT ACCATATaTC TTCTTAACTC ACACATCACC ATTTGTOCGA CAAOATAATC 300 

AACAAACATA CCTCAATaTC TCTCAACTTA ATCTAGATTA TTCCGAAGCA ACTTTTTCaT 360 

CACTTTCACA CCTGCCACAG ACTTTATTCA CaCCTTTTaC TAAAATCaCA COAAAGCCCC 420 

ACAGC 425 



( 2 ) INPOftMATlON FOR SEQ ID N0;4S: 

( I ) SEQUENCE CHARACiramiCS: 

( A ) LENOTH: IK51 b«*e pain 
( B ) TYTE: Bwidc idd 
( C ) STRAKDEONESS: stncle 
( D ) TaPOLOCY Ibeai 

C i i ) MOLECULE TYPE: cDNA 

{ V t i ) IMMEDIATE SOURCK: 

( A ) UBRARY: StotMdi 
( B ) CLONK: 21491 SE 

( X i ) SEQUENCE DESCRIPTION: SEQ M> SthASi 

CCCCCTTCCC CCCCCAACCC AGCCGCCACG CCGCGCCCGC CGACATCCCC TCCCCCGCAT 60 

CAGCCTCATC CCCAAAAACC CCTTCTACAA CCACGACGTC AACAACACCG CCTCGCAGCT 120 

CCCCAAGACC TACCTCTCCC CCACCCACCT CCCCACCGCG CCCTaTGGCT CCGTGTGCTC 180 

CCCCATCCAC AAGCGGTCAO GGGAGAAGCT CCCCATCAAO AAOCTOAOCC OACCCTTTCA 240 

CTCCCaCATC TTCGCCAAOC GCOCCTACCO OCAOCTOCTG TTGCTCAAGC ACATGCAGCA 300 

TGAOAACG7C ATTGOGCTCC TGGATCTCTT CACCCCAGCC TCCTCCCTOG AACTTCTATG 360 

ACTTCTACCT GGTGATCCCC TTCATCCAGA CGGATCTGCA CAAGaTCaTG OGOATGOAGT 42U 

TCAOTGaGGA OAAGATCCAG TACCTGGTCT ATCAGATOCT CAAAGCCCTT AACTACATCC 480 

ACTCTGCTCG GOTCGTGCAC AGGGACCTGA AGCCACGCAA CCTGCCTCTG AATCACGACT 540 

GTGAACTGAA GAITCrtJOAT TTGGGCCTOG COCGACATCC ACACGCCCAG ATGACTCCCT 600 

ACGTGGTGAC CCGCTGGTAC CGAGCCCCCG AGGTGATCCT CAGCTGGATG CACTACAACC 660 

ACACAGTCCA CATCTGCTCT CTGGCCTCTA TCATGGCaGA GATGCTGACA GCGAAAACTC 720 

TCTTCAAGGC GAAACATTAC CTCCACCAGC TGACCCAGaT CCTGAAAGTG ACCCGGCTGC 780 

CTGCCACCCA GTTTGTGCAC AAGCTGAACG ACAAACCCCC CAAATCCTAC ATCCAGTCCC 840 

TCCCACACAC CCCCAGGAAG OATTTCACTC aCCTGTTCCC ACCGCCCAGC CCCCACCCTC 900 

CCCACCTGCT CCAOAAGATG CTGOAOCTAG ACOTGQACAA OCOCCTOACO OCCOCOCaCC 960 

CCCTCACCCA TCCCTTCTTT OAACCCTTCC GGOACCCTGA CGAACAOACG CACGCCCACC 1020 

AGCCGTTTOA TCATTCCTTA OAACACGAGA AACTCACACT GCATGAATGO AAOCACCACA 1080 

TCTACAAGGA GATTGTGAAC TTCACCCCCA TTGCCCGGAA GGACTCACGG CCCCCGAGTC 11*0 

OCATOAAOCT CTAGCGACTC A7CTTCCATG UCACrGCCGG CCAGACACTC CCCAAGGACC 1200 

ACTATTTGTC ACTACCAAAC I(:A(tCCCTrC TTGGAATACA CCCTTTCAAC CAGAGGACAG 1260 

AAGCOTCCTT CTCCTTATCT GGCAAATOGG CCTACTAGAT OCAOAATTCA AACaTCTCCC 1320 

nnrtGAOAAA CTAGCTCTGa TCCTAACAGC CCaCGTTAAA CTGCCCaTCT GGAGAATCGC 1380 

CTGCAGGTOO GCCCCTTTCC TTCCCCCCAC ACTCCCCCTC AGTGCCCGCT GAGCCAGCCC 1440 

CGGCCCCTAT GCCACTCATC CTOTGTTGGT TTCCTACCCA TCCTCTAACG AATTACCACA 150O 

AACCTGCTCC ATTCAAACAC CACAACTTGA TTCCCTTACA GTTCTOOAGG CTCGAAATCT 1360 
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GOCATOOAOC 


TCTTOOCAGO 


OCTOTGOTCC 


CTTTOAAOGC 


TCTCOCGA AC 


AATCCTTCCT 


16 2 0 


TOOCTCTTTT 


TACCTTCTGG 


CCGCAGTGOG 


C AOTCCOTGC 


CATTCCCC AG 


CTT ATTOCTG 


16 6 0 


CATCACICCA 


OTCTCTGTCT 


CT7CTCTTCT 


CTCCTCTTTT 


AACAACAGTC 


ATTGGATTTA 


L 7 4 0 


CGCCCCACCC 


TAATCCTCTC 


TCATCTTATC 


TTGATCCTTA 


TTAATTaA AC 


ctgcaaatac 


L 8 0 0 


TCTAGTTCC A 


AATAAAGTCA 


CATTCTCACG 


T AA A AA AA AA 


AAAAAA AAAA 


A 


18 5 1 



Wc claim: 

1. A purified polynucleotide having a nucleic acid 
sequence selected from the group cocsisliag of SEO FD 
N0:1, SEQ ID N0:2. SHO ID NO J, SEQ ID NO: 4. SEQ 
ID N0:5, SEO ID N0:6, SEQ ID NO:7. SEQ ID N0:8, SEQ 
ID N0:9, SEQ ID N0:10. SEQ ID N0:11, SEQ ID N0:12, 
SEQ ID NO:13. SEQ ID N0:14, SEQ ID N0:15, SEQ ID 
NO:l6, SEQ ID N0:17, SEQ ID N0:18, SEQ ID NO:19, 20 
SEO ID N0:20. SEO ID N0:2l. SEQ ID NO:22. SEO ID 
NO:23, SEQ ID NO:24. SEQ ID NO:25, SEQ ID NO:26. 
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29. SEQ ID 
N0:30, SEQ ID N0:31. SEQ ID NO:32, SEQ ID NO:33, 
SEO ID NO:34, SEO ID NO;35, SEQ ID NO:36, SEQ ID 



NO:37, SEQ ID NO:38. SEQ ID NO:39, SEQ ID NO:40, 
SEQ ID N0:4I. SHQ ID NO:42, SEQ ID NO:43, and SEQ 
ID NO:44. 

2. An expression vector compHsing the polyuucleoiide of 
claim 1. 

3. A host cell transformed with the expression vector of 
claim 2. 

4. A method for producing and purifying a polypeptide, 
said method comprising the steps of: 

a) culmring the host cell of claim 3 under conditions 
suitable for the expression of the peptide; and 

b) recovering the polypeptide from the host cell culture. 

* * * « « 



